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INTRODUCTION 


Copper SALTS, specially the halides, like so many other salts of alkaline 
earths and iron group, from their natural colours and the colours which they 
impart to the flames in which they are introduced, have been drawing the 
attention of workers from very early times. Most of the copper salts, when 
put into a flame, give a yellowish luminescence in the flame near the bead of 
the salt surrounding which is a tluish colouration while the rest of the flame 
is tinted pigeon green. The colour of the flame changes slightly from salt 
to salt and its intensity depends upon the volatility of the salt. If the bead 
is left for a long time, a yellowish colour persists in the flame. From visual 


and spectral data, attempts have been made to explain the colours of the 
flame. 2.4) 12.1% 18 


Most of the copper salts give out in the flame and also by other methods 
of excitation characteristic band spectra which have been studied by many 
investigators. Eder and Valenta® in 1911 observed in the flame spectra 
of all copper salts some bands in the red region which they attributed to 
CuO, a continuous broad band in the green extending from 5600 to $5200A 
and some atomic lines besides their characteristic discrete bands if any, of 
the salts. According to them, the continuous band in the green is not really 
continuous but consists of numerous closely packed headless bands. The 
atomic lines recorded by them in the visible region in the spectra of all copper 
salts excited in oxy-coal gas flame are:— 


5782, 5700, 5106, 4651, 4355 and 4275 A. 


These are recorded along with the oxide bands in the red. In the ultra- 
violet, they recorded only the resonance lines at 3274 and 3247A. The 
lines at 4651 A and at 4275A involve the energy level (—-95-2cm.~4) 
3d%4s (3D) 5s, “D,,. as their initial state. The line at 4355A simjlarly 
involves for its emission the negative energy leve) (~ 2951 cm?) 3d%4s (9D) 5s, 


That the energy of the copper atom is dependent on temperature is 
obvious by the higher energy levels d_veloped in the oxy-oil gas flame than 
Al 
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in the Bunsen flame as is shown in the present experiments. This indicates 
that chemiluminescence is not the source of the energy of the copper atom. 
Such chemical luminescence energy may be thought of as arising out of the 
recombination of copper and halogen atoms. But since the monohalides 
are obtained from the partial dissociation of the di-halides in the flame, the 
process does not appear to be a favourable one. Further, those spectra of 
the copper salt flames!“ which are due to diatomic molecules indicate 
that such molecules do not involve highly excited atoms. Such spectra of 
copper mono-halides are all due to transitions between such electronic states 
of the molecules as are derived by the combination of the copper atom in 
its normal state or in the immediately next two excited states involving at 
most 4e.v., with the halogens. From all these considerations, the possi- 
bility of finding copper atoms loaded with energy higher than the first ionisa- 
tion potential of copper, is rather unexpected. Hence, it was thought proper 
to repeat these eaperiments from some of these points of view. The results 
obtained are given in three parts :—Part I deals with the study of the atomic 
lines obtained. In Part II is given the analysis of the discrete bands and 
evidence to show that the probable emitter is Cu, molecule. The conti- 
nuous band is also attributed to the diatomic copper molecule and is dis- 
cussed in Part III. It is incidentally concluded that the green colouration 
imparted to the flame by almost all copper salts is due to the presence of this 
continuous band studded with discrete bands in the blue-green and green 
regions of the spectrum. 


Hertenstein® in 1912 observed only the oxide bands degraded to the 
longer waves extending over the red, the green and the blue regions. In 
flames only the bands in the red are predominant and those in the green and 
the blue region can be obtained in an arc between copper electrodes carry- 
ing heavy current. Under these circumstances the arc can be drawn into 
a flame which is rich in these Hertenstein copper oxide bands. These bands 
as also the copper halide bands which have been completely analysed by 
Mulliken,“ Ritschl'® and the emitters of which have been definitely fixed, 
have nothing to do with the green continuous band studded with discrete 
structure. 


GENERAL EXPERIMENTAL PROCEDURE AND OBSERVATIONS 


The flame spectra of halides (except fluoride), nitrate, sulphate and oxides 
of copper were taken on spectrographs of varying dispersion. The flames 
of an ordinary Bunsen burner, of a blow-pipe and of an oxy-oil gas: were 
the ones in which the salts were introduced. The blow pipe flame was set 
up by blowing air into a blow pipe by an electric blower and the oxy-oil gas 


Flame Spectra of Copper Salts 3 


flame was started by replacing air in the blow pipe from the electric blower 
by oxygen from an oxygen cylinder. The salts were put on copper spoons 
held in the non-luminous tip of the flame above the central zone. A sepa- 
rate well-cleaned spoon was used for each salt. The gas which fed the 
burners was the laboratory gas which is prepared by crackling paraffin oil. 
The percentage composition of the oil gas, as obtained by a number of ana- 
lyses* done at various periods, is given below:— 


1. Nitrogen .. 
2. Methane .. 
3. Oxygen .. 
4. Unsaturated carbons 


For the arc spectra of these salts, copper electrodes were taken and the salt 
was packed in the hollow cup of the positive lower electrode and the arc 
was maintained with a current of 1-5 to 2-0 amperes on the 220 volts D.C. 
mains. Only the spectra of the halides and nitrate of copper were taken 
in the arc. Freshly cleaned electrodes were used in each case. 


In the flame spectra, the time of exposure varied from one to ten minutes 
in oxy-oil gas flame and from half an hour to six hours in the Bunsen flame 
depending upon the spectrograph used; while in the arc spectra it ranged 
from 2sec. to half a minute. Exposure times and the conditions of the 
flame were kept as far as possible the same for the spectra of different salts 
taken on the same plate. 


The first exposure was given on the Constant Deviation Spectrograph 
for the spectrum of the non-luminous Bunsen flame itself, withovt any salt 
being put into the flame. The whole image of the Bunsen burner was 
focussed on the slit and an exposure of 15 minutes was given. This was 
followed by exposures on the same plate for the spectra of the different pai ts 
of the flame fed with cupric chloride. The Bunsen burner was kept at such 
a distance from the focussing lens that a large magnified image was focussed 
on the slit. The image was divided roughly into three parts and each part 
was exposed separately, the time of exposure in each case being 15 minutes. 
Reproductions of such spectra are given in Fig. 1. The spectra of the 
different parts of the salted Bunsen flame differ considerably from each other. 
The bottom flame is rich in discrete bands characteristic of the salt, the top 
flame is rich in the continuum, which is common to all salts in the green, 


* We are indebted to Prof. V. G. Iyer of the College of Mining and Metallurgy of this 
University for these results. 
Ala 
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and the middle flame shows a mixture of the characteristic discrete bands 
and the common continuous bands. The pure Bunsen flame continuum 
does not lie in the green region. Thus it is definite that the continuum in the 
green and the discrete bands observed are given out by the salt itself. Fig. 2 
shows the reproductions of the flame spectra of halides of copper exceptiog 
the fluoride. | These were taken to study how the position of the continuum 
compares in the spectra of different halides. The continuum is, however, 
interspersed by a set of narrow bands. Both of these are exactly alike in 
the spectra of all the halides investigated. The discrete bands on the shorter 
wavelength side of the continuum are, however, different with different salts 
being characteristic of each halide. The continuum on the longer wave- 
-length side is very feeble. In another set of exposures reproductions of 
which are given in Fig. 3, the Bunsen flame fed with other copper salts was 
studied. The oxide does not give any band or continuum in the green. The 
sulphate gives a feeble continuum in the green which appears in all proba» 
bility to be the same continuum as observed in the spectra of the halides. 
The same continuum is given out in the flame fed with nitrate and it is more 
intense here than in the sulphate but weaker than in the halides. No 
characteristic discrete bands to the shorter wavelength side of the continuum 
are observed with the sulphate or the nitrate. 


Fig. 4 shows the spectra of some of the copper salts excited in a D.C. 
220 volts arc between two copper electrodes. It will be seen that the conti- 
nuum has completely vanished in all the exposures even in the chloride (see 
Fig. 4, exposure 2) whereas the CuCl] bands are well developed. 


Having studied the nature of the spectra at the Bunsen flame temperature 
and the arc temperature, it was considered worthwhile photographing them 
at two intermediate temperatures. The temperature of the Bunsen flame 
was raised by blowing air hard into the burner by means of an electric blower 
aad exposures were given on the same Constant Deviation Spectrograph for 
three copper salts. Fig. 5 shows the prints of such exposures. For each 
salt a separate well-cleaned copper spoon was taken and the salt was kept 
on the spoon which in turn was held by a clamp just above the central and 
inner cone of the Bunsen burner. In the exposures 3 and 2 for the sulphate 
and the nitrate respectively, the continuum is practically absent. It is, how- 
ever, present in the spectrum of the chloride flame (exposure 1); but the 
width of the band seems to have diminished from either side. The discrete 
characteristic bands usually ascribed to CuCl are also present. At a still 
higher temperature obtained in oxy-oil gas flame, the continuum is still fur- 
ther weakened and the structure in the continuum, though weak, remains 
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lying in exactly the same region. Fig. 6 is the reproduction of two exposures 
of oxy-oil gas flame fed with the copper chloride and the copper bromide. 


Thus, besides the characteristic bands in some cases, most of the copper 
salts give in flames a continuum which extends from 5700 to 5100 A and 
which is interspersed with headless line-like bands. The position of maximum 
intensity is found to be the same, though the intensity of the band falls down 
gradually as we pass successively from chloride, bromide, iodide, nitrate 
and sulphate to oxide. In the blow-pipe flame the position of maximum 
intensity remains unchanged but the general intersity for the same salt 
becomes much less. The width of the continuum also decreases from either 
side. 


In the oxy-oil gas flame, the continuum seems to be the weakest and 
the bands in the continuum, though weak, predominate and in the arc 
flame both the continuum and the bands in the continuum disappear. Thus 
all the copper salts investigated excepting the cupric oxide show in both the 
flames—Bunsen flame and the blow pipe flame—the continuous band 
interspersed with narrow head-less line-like bands. No measurements of 
the bands in the body of the continuum was possible with plates taken on 
the Constant Deviation Spectrograph; hence exposures were given for the 
flames of most of the salts on a Steinheil threc-prism glass spectrograph 
of larger dispersion and resolution. Fig. 7 shows the reproductions of the 
spectra taken on this spectrograph for the three halides of copper. In Fig. 8 
are given the reprints of the micro-photometer records of the corresponding 
spectra. It will be seen from the microphotometer curves that the extent 
of the continuum in each exposure is the same but the intensity in general 
differs from salt to salt. 


For a clear representation of the line-like bands in the continuum, 
exposures were given using the telephoto camera with the Steinheil spectro- 
graph. With this camera the instrument has a dispersion of 11:9 and 7-5A 
per mm. at 6536 and 5500 A respectively. Fig. 9 shows a reprint of one of 
such spectra whose microphotometer record is given in Fig. 10. The maxima 
in the microphotogram indicate the positions of the discrete bands in the 
continuum. The increased dispersion of the Steinheil spectrograph with 
its usual camera itself, brings about a greater contrast between the continuous 
bands and the associated discrete bands and this contrast is further improved, 
no doubt, when the telephoto camera is used. But it was found that this 
was not an advantage, because there was no gain in the resolving power and 
each individual discrete band became broader by the mere erlargemert which 
the telephoto lens brings about. For measurements of the band heads, 
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therefore, only the plates taken with the camera of 640 mm. lens objective 
were used. 


Part I, Atomic LINes OF COPPER IN THE FLAMES 


We shall first deal with the atomic lines of copper obtained in different 
flames. In Table I are given the wavelengths of the copper arc lines obtained 
in different flames together with the energy of excitation necessary for the 
line. It will be seen that only lines with an excitation energy of 3-8 e.v. 
appear in the Bunsen flame. In the blow pipe flame, those with higher 


TABLE | 


| Energy! of : 

Initial level?® excitation 
ev. 


Wavelength | 
A 


3°8 1, 3. 


5218 | | 2, 3. 
5105 | =P 3-8 
4062 3a!5d, "Dy 6:86 3 
4022 6-86 3 
3247 380 1, 2,3 


2492 


Swe 


2441 3944p, 


> 
oo 


2230 x 6997 2 
2 | 
‘ 

2215 x =P | 
2 

2199 x 3a°4s4p, 727 2 


1. Bunsen flame. 

2. Blow pipe flame. 

3. Oxy-oil gas flame, 

x Obtained with a very wide slit which was not employed in 


excitation energy upto 6:1 e.v. are developed. Lines having excitation 
energy upto a maximum of 7-2 ¢.v. are also present with very low intensity 
on a plate taken with a wide slit. Finally, in the oxy-oil gas flame lines with 


| 4°97 | 2, 3. 
| 9 
5-0 | 2, 3 
2294 x | 
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energy of excitation of 6-86 e.v. are strongly developed. The availability 
of progressively higher energy, as we pass from the Bunsen flame through 
the blow-pipe flame to the oxy-oil gas flame, is thus a consequence of the 
increasing temperature in these flames. The three lines at 4651; 4355 and 
4275 A, ascribed by Eder and Valenta to the copper atom, are the structure 
‘lines of the copper hydride bands. This is clearly shown in Fig. 11 which is 
a spectrogram of the copper chloride flame in the body of which is photo- 
graphed the copper are spectrum. The copper line at 4651A stands out 
distinctly separated from the head of the CuH band at 4650A. Similarly 
the are lines at 4355 and 4275A are clearly marked out from the structure 
lines of CuH bands. These copper lines of course, involve an excitation 
energy greater than 7-6e.v., but it is clear that none is developed in these 
flames whereas the spectrograms show that only copper atoms with excita- 
tion energy of at the most 7-3 e.v. are available. 


Part IT. DISCRETE BANDS PROBABLY DUE TO CU, 


Plates taken on the Steinheil three-prism glass spectrograph under 
medium dispersion and in the particular setting of the camera arm, show 
spectrum from 5900 to 4500A. The continuum as a whole extends from 
5740 to 5116 A and appears to be divided into several groups. Each group 
is found to be composed of a continuous background covered by a number 
of headless bands. Measurements of these bands were done on several 
such plates by a travelling microscope, reading upto ‘01mm. We give in 
Table II the wavelengths of the bands along with the description of their 
setting as observed in the group. The table contains five measurements 
done on different spectrograms, three of them being those due to the 
chloride flame, one to the bromide and one to the iodide flame. Fach of 
these plates contained on the short wavelength side, some of the stronger 
bands characteristic of the molecule CuCl, CuBr, or Cul as the case may be; 
but as all of these are we!] known, 5 they were easily identified and are not 
included in the table. A comparison of the values in each case confirms 
that the bands are common to all these flames. Accordingly, we have 
accepted the mean of these five values. Some of the bands are almost like 
lines. These characteristics of the bands are also indicated suitably in the 
table which also includes average values of visually estimated intensities on 
a maximum scale of 10. The overlapping continuum appears to possess 
slight variations of intensity and these are also indicated in the table. These 
fluctuations in the intensity of the continuous band may not, howeve1, be 
real, but brought about by the distribution of the discrete bands in the various 
parts of the continuum, 
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- (a) Analysis of the discrete hands.—The common discrete bands, 
obtained in the flame spectra of all copper salts and which are in the body of 
the continuous spectrum which is also a characteristic of the flame spectrum 
of all copper salts, are given in Table IT. The analysis of these discrete bands 
has been by no means easy. Most of the bands are diffuse and some are 
broad and a few which have sharp heads appear to be degraded towards the 
longer wavelengh side. A fewer still appear to be degraded towards the 
shorter wavelength side. But the direction of degradation is difficult to 
judge. The bands have been grouped as shown in the table, but it will be 
seen that practically the bands in Group I stand removed further away 
from the rest of the bands, whereas the bands in the remaining groups seem 
to follow one another in almost an unbroken continuity. In spite of this, 
these bands have been separated into six groups mainly on considerations 


TABLE [I] 
Vibrational Quantum Analysis of the A System of Copper Bands 


| | 
0 ‘3:4 9 3 | | 4 5 


Xv 
|_| 
| 17679 | | AG’ 
| 92 
1 | | 17621 | | 92 
91 | 
| 2 | 17712 | S | 17669 | & | 17433 | a 
86 
3 17655 | | ” 17414 86 
| | | 89 | 
4 | | 17503 89 
| 
| AGv" 150 143 | 136 | 
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of slight fluctuations of intensity which are observed in the continuum over- 
lapping the bands. So far as the bands in Group I are concerned, they seem 
to consist of three sequences forming a separate system: two of the 
sequences comprising the bands in the stronger part of the continuum and the 
other outside the continuous patch. Similarly the separation of other bands 
into the groups mentioned gives the possibility that most of the bands in 
each group may form a sequence. This is more or less true for the bands 
in Groups IV, V and VI. Group III consists of some bands in the more 
intense part of the continuum and the rest outside it, much like the bands 
in Group I. Indeed, in the analysis proposed, they practically form two 
successive sequences. Bands in Group II appear to be the most confused. 
These bands do not form sequences so that it is not easy to pick them pro- 
perly. As analysis also shows, it is here in this Group II that the vibration 
frequencies of the molecule in the excited and the unexcited states first become 
practically identical and then reverse their magnitudes so that the bands 
arrange themselves in arrays which show degradation towards shorter waves. 
The direction of degradation of most of the bands themselves is, however, 
difficult to judge. 


The bands in Group I, therefore, fall into three main sequences and can 
be arranged in a v’, v” scheme as given in Table III. Similarly the bands in 
Groups II, Ill, [V, V and VI from another system which is given in Table IV. 
A thick line is drawn in the table to separate the bands of Groups III, IV; V 
and VI from the bands in Group II which are also members of the same 
system. Their inclusion in Table IV shows that most of them really form 
what are known as the tail bands of the system. On account of the near 
equality of the vibrational frequencies in the two states, most of the bands 
belonging to both systems appear headless and these tail bands also are 
practically headless. 


The two systems of bands are fairly well represented by the following 
equations :— 
Longer wavelength system, henceforth called the A system :— 
Vaead = 17679 + (90 —0-5v'*) — (150 0" — 40") (I) 
Shorter wavelength system, henceforth called the B system :— 
Viead = 19435 + (100 0’ -- 1-5 v’*) — (150 0" — 40"?) (11) 
Table II gives the O—C values. The equations show that both the 


systems of bands involve the same final level which is very probably the 
ground level gf the molecule, 
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(b) The emitters of the two new band systems.—Since the bands are 
observed in the flame spectra of copper salts, the probable emitters judged 
by experimental conditions are CuH, CuO, CuN, Cu, and Cuy copper 
being the common constituent to all of them. The CuH bands are well 
known and like other hybride bands possess an open rotation structure which 
could be easily resolved in the instruments used. As a matter of fact, the 
CuH band at 4280A is completely resolved on the Steinheil plate. The 
present bands cannot be mistaken for CuH bands. The vibration fre- 
quency for CuO is 620cm.-?@4 4), The CuN bands are expected to have 
a vibration frequency nearly equal to that for CuO. The vibration fre- 
quency for the present bands in the normal state is about 150 cm! Hence 
we cannot think of CuO or CuN to be the emitter of these bands. Such 
order of vibration frequency may be met with in the case of much heavier 
molecules like Cug and Cu}. Very probably, therefore, we should trace 
the emitter of these bands to Cu, or Cut molecules which are likely to be 
present in the flames of the copper salts tried in the present experiments. 
The probability of the Cus molecule being excited in flames appears to be 
ratherlow. Further, Cuf will be an odd electron emitter; if at all it possesses 
any stable states, it will give rise only to doublet terms. Unless, therefore, 
the bands involve the transition 2 — *2 in Cut, they should exhibit more 
than one head for each vibrational quantum number. The low magnitude 
of the vibration frequency in the normal state, viz., 150 cm.-! and the relatively 
high anharmonic constant, viz., 4-0 strongly suggest that the emitter is the 
Cuz molecule having a small energy of dissociation. 


We have observed that some of the bands in Table II are recorded as 
close doublets. This suggests the possibility that some of these compo- 
nents might arise out of an isotopic molecule Cu®* Cu®, Since the vibration 
frequencies involved are small and the isotopic factor (p — 1) is also about 
— 0075, the displacements expected will be very small. It is likely that 
some of the close doublets arise this way. The bands, however, are rather 
diffuse and are of low intensity and it was therefore not possible to decide 
this point definitely. 

DISCUSSION 


(c) If the interpretation that the bands are due to Cug molecule 
is correct, it marks, as far as we know, the discovery of a molecule 
so far unknown. Probably the specific heat data are well explained on the 
assumption that the vapour of copper is strictly mono-atomic, but so were 
the vapours of alkali metals supposed to be, e.g., sodium and potassium 
which as we know contain a perceptible concentration of diatomic molecules 


|_| 


Flame Spectra of Copper Salts $5 


as first revealed by their spectra. It is interesting to recall in this connection 
the absorption experiments of Lockyer and Roberts?® who mention that 
with the greatest thickness only a continuous absorption in the blue could 
be obtained for the copper vapour, which they attributed to molecules of 
copper. It would, therefore, be of interest to confirm our results by repeating 
such absorption experiments on copper vapour at high temperatures under 
suitable conditions. 


Magnetic deflection experiments should also be competent to decide 
this matter. As far as we know, such experiments have not been done with 
this point of view in the case of copper. In the case of bismuth the magnetic 
deflection experiments by Leu and Frazer® unmistakably show the existence 
of diatomic bismuth molecules. At a temperature of 1183°K. the Stern- 
Gerlach pattern for bismuth consists of a central undeflected trace due to 
the diamagnetic diatomic molecule accompanied by the deflected traces on 
either side due to the atoms in the *S state. At 1428°K. the central un- 
deflected trace disappears showing the absence of the molecules at this 
temperature. Lewis® has further extended this method to the alkali vapours 
and has verified the existence of diatomic molecules at suitable temperatures. 
From what we have said about the intensity of the discrete and the conti- 
nuous bands obtained here, it may not be out of place to give a rough esti- 
mate of the limits of temperature between which the vapour of copper 
should contain a perceptible concentration of the diatomic molecules. Thus, 
it has been observed, as mentioned already, that the continuous bands and 
the discrete bands decrease in intensity as we go from the Bunsen flame 
through the blow pipe and the oxy-oil gas flames to the copper arc where 
the continuous band and the discrete bands totally disappear. 


Spectroscopic results in the present experiments can indeed be very 
satisfactorily explained from this point of view. The Cu, molecule is ana- 
logous to the alkali molecules and the spectroscopic terms in the ground 
state are, therefore, identical in character. Thus, two copper atoms each 
in *§ state give rise to two molecular states one of which is stable and the 
other repulsive. The stable state will be a 1£+ state and this will be the nor- 
mal state of the molecule. The observed common level of the two systems 
of the discrete bands can be identified with this state of the molecule. As 
we shall show later, the repulsive state °Z; can be identified as the final level 
of the continuous emission bands accompanying the discrete bands. 


The spectral terms of the excited molecule can be derived by assuming 
one or both the atoms of the molecule to be excited to the successive higher 
levels. We thus get a number of singlet and triplet levels in the excited state 
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of the molecule. The first excited level in copper atom is *Dg)2, 5)2 at 11203, 
13245cm.-' A combination of these terms with the *S,; term of the un- 
excited copper atom should give rise to spectra which are expected to lic 
in the near infra-red region, because the energy of dissociation of the Cu, 
molecule in the ground state is very small. The level of the separated atoms, 
which is the next in order of energy, is not that of Cu?S,,. + Cu®P{,, which 
will be at about 30535cm.-! but Cu?D,,. + Cu?D;,2 which will be at 
22406 cm.-!"5 Transitions from the molecular terms which arise out 
of this combination to the ground level of the molecule are, therefore, the 
most likely ones to explain the present bands which lie in about this region. 


The linear extrapolation of the vibrational levels is utilised in this case 
with due regard to its well-known limitations. The vibrational extrapola- 
tion yields for the ground state of the molecule, X’Z*,, the energy of 
dissociation 


D (X) = 1406 cm.-! 
= 0-17 


The value obtained is of the right order of magnitude for such a molecule. 
Similar extrapolation for the initial level of the A system of bands which 
lies at 17679 cm.-! (2:16 ¢.v.), gives: 


D(A) = 4050 

= 0:50 ev. 

The initial level B, at 19435 cm.-!(2-4 ¢.v.) of the B system of bands has 
D(B)= 1666cm.-? 

=0-20e.v. 


Within the limits of the errors of extrapolation, both the A and B states 
arise from the same set of the separated atoms, the A state yielding 2-66 e.v. 
and the B state 2-60e.v. for the height of the separated atoms above the 
ground level of the molecule. If we deduct from this value 0-17 e.v. which 
is the energy of dissociation of the ground level of the molecule, we get 
2-49 e.v. as the energy of excitation of two copper atoms to "D5, This 
value, known from the atomic spectra, is 2°77e.v. This correlation is 
illustrated in Fig. 12. 


Assuming this correlation to be correct, we can arrive at a definite con- 
clusion regarding the spectroscopic character of the levels A ard B. Two 
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copper atoms both in the *D state give rise, according to the well-known 
Wigner and Witmer’® rules, the following thirty molecular states: 


(3), ag (2), 1f7,(2), ‘A, (2), 1D, 
(3). (2), (2), (2), (2), Ay Wy. 


Not all of these, however, will be stable and probably a majority of them are 
repulsive. It is easy to see, however, that twelve of these can not combine 
with any of the lower states (127, °25) because of the A selection rule; 
four more can not combine, because 2~ terms can not combine with Y+ terms. 
Now, if we assume that the selection rule regarding multiplicity also ko!ds 
good together with the selection rule that even electronic states can only 
combine with odd-ores thea oaly two states both of them ‘JZ, can combire 
with the ground state 1+. Similarly only two states both °/7, can 
combine with the repulsive *X{* state. It is, therefore, clear that we can 
unequivocally identify the A and the B levels of the two band systems as 
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these two VI, levels. These are marked accordingly in the figure. The A 
system of bands is therefore due to the transition 
— X'S}, 
and the B system to the transition 
Bul, — X'z}. 

It is in this respect of correlation that these bands differ from the similar 
well-known bands of the alkali metals. In the case of the alkali molecules 
Lig, Na, and Kg, the observed bands involve initial levels which arise out 
of the excitation of only one of the alkali atoms to the next higher Jevel 
which is a ?P level. In the case of the copper atom, however, the first 
excited level being *D, the spectra observed on the long wavelength side 
should arise from the excitation of one of the copper atoms to the 2D state. 
The resulting spectra as we have seen are expected to be in the infra-red 
region. The ?P level of copper involves an excitation energy greater than 
double the excitation energy required to raise each of the copper atoms to 
the ?D state’ and therefore the molecular terms arising out of two copper 
atoms each in the ?D state will be the next higher. Out of the thirty possible 
molecular states which arise out of this combination, we have shown above 
that only two can combine with the ground level of the molecule to give rise 
to discrete bands. It is indeed satisfactory to note that the energy relation- 
ships involved in the band systems are in complete accord with these 
theoretical results. 


Parr III. 


The continuous band which overlaps these discrete bands, described in 
Part II, appears to show slight alterations of intensity which, however, may 
not be real, but brought about by the disposition of the discrete bards in 
its body. Table V gives the data on these intensity fluctuations: Column 1 


THE CONTINUOUS EMISSION BAND 


TABLE V 


Subsidiar) Maxima 


Wavel ength in airA | Wave-number in vac. cm, ? | Extent in A 
5701 | 17535 5741—5663 

5402 18506 5510—5298 

5274 18954 5290—5259 

5197 19238 5215—5178 

5156 19388 5169—5144 

19507 5140—5110 
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gives the wavelength of the apparent maxima in each group, column 2 the 
corresponding wave-number and column 3 the extent of the continuous 
patch. We have seen above that there are only two states both °/7, arising 
out of the copper atoms each in 2D state that can combine with the repulsive 
curve of the ground state. It is, therefore, possible to explain the 
continuous spectrum as being brought about by the transition from 
one or both of the ‘JJ, levels to the *Z} repulsive state. If we 
locate one of these levels at about 18941 cm.?, the continuous 
emission spectrum finds an explanation. Since the structure into 
groups of the continuous emission spectrum is rather doubtful, this 
explanation of the continuous emission band should be deemed satisfactory. 
But there is just a possibility of the continuous spectrum resulting from this 
transition being mixed up with that which arises from the secord *IJ, level. 
With all due reservation, it may be pointed out, that if this second *IZ, level 
be located at 20,644 cm.~4, we would obtain a continuous maximum at about 
19,238cm-* The maxima successive to this in the table can then be 
regarded as brought about by the successive vibrational levels of this state. 
The spacings between the three successive maxima being 150 and 119cm.-}, 
it is interesting to observe that these are of the right order of magnitude 
for the vibrational frequencies of this level. . 


The author wishes to thank Prof. R. K. Asundi for valuable suggestions 
and continued interest in the work. 


SUMMARY 


1. Barlier work on the flame spectra of copper salts is briefly summarised. 
This indicates the existence, in the flame, of copper atoms loaded with energy 
greater than the first ionisation potential of copper, viz., 7-68 e.v. 


2. Experimental procedure, adopted to study the continuous emission 
band with its discrete bands and the atomic lines of copper in the flame, is 
described. The Bunsen flame, the blow pipe flame and the oxy-oil gas flame 
all fed with the laboratory oil gas and the copper arc have been used as 
sources of excitation. Spectrographs of varying dispersion ard resolution 
have been employed. 


3. The atomic lines obtained with each flame are tabluated. They show 
that higher energy of excitation is available progressively with temperature 
upto a maximum of 7-3.e.v. The lines at 4651, 4355 and 4275 A have been 
wrongly identified as atomic lines of copper in earlier literature. They are 
due to CuH molecule, some of whose structure lines are nearly in coinci- 
dence with these recorded lines, ) 
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4. A study of the plates shows that almost all the copper salts em- 
ployed exhibit in all the three flames a common continuous band which dis- 
appears in the arc. The band is interspersed with discrete headless bards. 
Measurements of these discrete bands obtained in the flame spectra of the 
chloride, the bromide and the iodide are given. These show that the dis- 
crete bands are common to al! the salts. 


An analysis of all the discrete bands observed: is given. This shows 
that they form two systems of bands both of which have a common final 
level. The magnitude of the vibration frequency and the anharmonic 
constant and the nature of the bands all point to Cu, molecule being the most 
probable emitter of these bands. 


A discussion of the spectra to be expected on such an assumption is 
given which shows that the observed bands can be satisfactorily correlated 
to the expected spectra. A discussion of these bangs with the similar bands 
of the alkali metals is given. The two band systems are attributed to the 
transitions from the two excited states A‘IT, and B'IT, to the ground }2'; 
state of the Cug molecule. 


5. This correlation is also shown to give a satisfactory explanation of 
the continuous band observed which arises in a transition from 


3 3 
— 
which is a repulsive state arising out of normal atoms. 
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DESCRIPTION OF PLATES 


Comparison of spectra of pure Bunsen flame with salted Bunsen flame. Continuum 
in the green is distinctly not present in the Bunsen flame alone. 

Spectra of copper halides in Bursen flame. The position of the maxamum of 
continuum in the green remains unaltered. The continuum is, however, inter- 
spersed by a set of narrow bands. 

Spectra of other copper salts in Bunsen flame. The oxide does not give the 
continuum, the sulphate shows it feebly and the nitrate slightly more intense but 
less intense than the halides. 

Spectra of some of the copper salts in D.C, 220 volts arc. The continuum has 
disappeared completely. 

Spectra of some of the copper salts in blow-pipe flame. The continuum is 
practically absent for the sulphate and the nitrate. It is, however, present in 
the chloride flame. 

Spectra of copper chloride and bromide in oxy-oil gas flame. The continuum 
appears to be much weakened. 

Spectra of copper halides in Bunsen flame taken on the Steinheil three-prism glass 
spectrograph under medium dispersion. 

Microphotometer records of the spectra in Fig. 7. The extent of the continuum 
in each is nearly the same. 

Spectrum of copper chloride in Bunsen flame taken on the Steinheil three-prism 
glass spectrograph with the tele-photo camera. The banded structure has 
developed very clearly. 

Microphotometer record of the spectrum in Fig. 9. The stronger peaks denote 
the positions of band heads. 

Spectrogram (taken on the Steinheil) of the copper chloride flame in the body of 
which is photographed the copper arc spectrum. (Atomic lines at 4651, 4355, 

4275 A are marked out from the CuH bands. 
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INSECTICIDAL PROPERTIES AND CHEMICAL 
CONSTITUTION 


Part I. Some Simple Flavone Derivatives 
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(From the Departments of Chemistry and Chemical Technology, Andhra University, Waltair) 
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It is very difficult to give an explanation of the remarkable insecticidal pro- 
perties of the pyrethrins and of rotenone and its allies in precise terms based 
on their chemical constitution. Their molecular structures are quite complex 
and further many factors of chemical and physical nature seem to contribute 
to their success. However, Lauger ef al. have in their important theoretical 
paper on natural and synthetic insecticides, suggested that in the pyrethrins 
the atom grouping (I) and in rotenone the grouping ({1) form the toxophores, 
There is experimental support for grouping (I) from the study of simple 
coumarin derivatives and of the derivatives of pulvinic acid, a lichen product, 
No data appear to be available from the study of simple structures in support 
of grouping (11) as toxophore. The simple chromones and flavones would 
suggest themselves as suitable compounds for this purpose. The experi- 
ments of Mahal? however seem to indicate that these substances have no 
such action. He used chrysin, genkwanin, 7-hydroxy flavone, 6-hexyl-7- 
hydroxyflavone and calycopterin and found that they had no effect on round 
and tape worms and leeches. But calycopterin was claimed to have anthel- 
mintic action by earlier workers and karanjin, a flavonofuran, also reported 
to be toxic to fish. There was therefore need for a careful investigation of 
the subject. 


-CO-C=C-0O 
I II 

Using fresh-water fish (Haplochilus panchax) as experimental animals 
and adopting the criterion of toxicity already described in a previous publi- 
cation* from these laboratories, the following series of hydroxy-flavones 
have now been tested for their toxic properties: 7-hydroxy flavone, 3:7 
dihydroxy flavone, galangin, kempferol, quercetin and myricetin. In general 
these hydroxy compounds are found to be feebly toxic. The maximum 
effect is found in galangin, 3: 7-dihydroxy flavone coming next. These 
two are fairly toxic. But there is considerable fall in 7-hydroxy flavone 
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on the one hand and kampferol and the higher members on the other. The 
former is found to take over 12 hours to produce the toxic effect in a con- 
centration of 20mg. per litre. The latter are without any appreciable 
toxicity. There is difficulty in experimenting with highly hydroxylated 
compounds owing to their sparing solubility in water. 


Insecticidal Properties and Chemical Constitution—I 


The methyl ethers of the above compounds as also of some others 
(methyl ethers of herbacetin, gossypetin and quercetagetin) have been 
studied. They are more convenient to deal with in virtue of their greater 
solubility in water. But the remarkable point is that they are considerably 
more toxic. Obviously factor of lipoid solubility has been provided 
in these ethers and these ple flavone derivatives are markedly toxic thus 
proving beyond doubt that the y-pyrone ring is a toxophore. From the 
results given below it is clear that the simplest compound, 7-methoxy-flavone 
is the most toxic, and the toxicity decreases as the number of methoxy groups 
in the flavone molecule increases. This ether series therefore differs from the 
hydroxy compounds which exhibit a maximum of potency in galangin. With 
these strong fish poisons the curves relating to the concentration and time of 
toxicity indication (turning time) have the characteristic hyperbolic portions 
as found in similar cases.‘ 


The following table gives the data obtained in one series of experiments. 
Though variations may arise in the exact turning times due to seasonal and 
individual variations in the susceptibilities of the fish which are obtained 
from a big tank, the compounds fall in the same order in different experi- 
ments. For the purpose of roughly indicating the degree of toxicity the 
treading obtained for rotenone under the same conditions is also included. 


Concentration 
Name of the compound per litre Turning time 

mg. minutes 
3:7-Dihydroxyfflavone 20 35-0 
Galangin ee 20 15-0 
7-methoxy flavone os 20 2-7 
10 5-0 
3:7-dimethoxy flavone we 20 7-0 
10 19°5 
Galangin trimethyl ether oe 20 7-5 
Kempferol tetramethyl ether 20 9-5 
Quercetin pentamethyl ether ee 30 35-0 
Herbacetin pentamethyl ether ee 30 25-0 
Myricetin hexamethyl ether oe 30 37-0 
Quercetagetin hexamethyl ether ee 30 33-5 
Rotenone oe 1-0 6-5 


— 


Though the toxicity decreases with increesirng number of methoxyl 
groups there are a few noteworthy features. There is marked drop from 
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kempferol tetramethyl ether to quercetin pentamethyl ether, but there is 
not much difference between this pentamethyl ether and the next higher 
member, myricetin hexamethyl ether. These involve changes in the side 
phenyl nucleus. A rise from one to twc methoxyl groups in this part is 
accompanied by considerable loss in toxicity, but an increase to three does 
not mean any further difference. Probably for this reason herbacetin 
pentamethyl ether is definitely more toxic than its isomer quercetin penta- 
methyl ether. This point could not be checked further using gossypetin 
hexamethyl ether due to its sparing solubility in water; comparable and 
effective concentrations could not be reached. But quercetagetin hexa- 
methyl ether has more or less the same toxicity as its isomer myricetin hexa- 
methyl ether which again, as pointed out earlier, is cqual to quercetin methyl 
ether in this respect. 
SUMMARY 


The simpler methoxy flavones and some of the corresponding hydroxy 
compcunds are markedly toxic to fish. This definitely establishes that the 
pyrone ring containing the atom grouping II is a toxophore. 
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TRANSVERSE VIBRATIONS OF RECTILINEAR 
PLATES 


By B. R. SETH 
(From the Department of Mathematics, Hindu College, Delhi) 
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Tue transverse vibrations of a circular plate have been discussed very fully. 
by Kirchhoff? and Rayleigh.? The case of elliptic plates has been considered 
by Mathieu? and Barthélémy. The complete analytical solution of free 
vibrations is not known even for a square or a rectangular plate. Mary D. 
Waller® has made a comprehensive experimental study of the square plate 
and a right-angled isosceles triangular plate. The nodal systems of the square 
plate have been discussed by an approximate method by Rayleigh® and 
Ritz.? It is found® that the frequencies of the vibrating modes of a square 


or triangular plate are proportional to af 2, in which a is the length 
0 


of a side, m, the mass per unit area, D the flexural rigidity [= Eh*/12 (1 — o*)], 
E being Young’s modulus, A the thickness, and o the Poisson’s ratio. 


If the plate vibrates in a ncrmal mode w, of the form W cos (pt+ & 
we know that W is a function of x and y satisfying the equation? 


vi W= (Fat 2) W= Gay). (1) 


The possible values of p are to be determined by adapting the solution 
of (1) to satisfy the boundary conditions. 


If s be measured along the edge, ” along the normal, and p along a fixed 
axis coinciding with the tangent at the point under consideration, we know 
that the _— conditions at a free pice are? 


W+ (1-0) on 0, (2.1) 
1 


p being the radius of curvature. Stevenson® has shewn that these condi- 
tions do not hold good in all systems of curvilinear orthogonal co-ordinates. 


At a clamped edge the boundary conditions are 


w=0, W 


(2+3) 
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At a supported edge these conditions become 


W=0,0y? W=0(2 


WwW 
W=(-1) 


For rectilinear plates the distinction between s and p disappears. 


(2.4) 


SUPPORTED EDGES 


To begin with we take the case of a rectilinear plate whose edges are all 
supported. Rayleigh? has given the solution for a rectangular plate. It 
can be shewn that the problem of the rectilinear plate can be reduced to that 
of a rectilinear membrane. 


For the transverse vibrations of a membrane the differential equation 
to be satisfied by W is 
W+k? W=0 (3) 
with the condition that W=0 over the boundary. Operating (3) by v7? 
we get 
(4) 
which is the same as (1). Any solution of (3), therefore, also satisfies (1), 
Over the boundary W=0, and hence from (3) vy? W=0. Wecan now show 
that (2.4) also reduces to this condition. 
As W = 0 over the boundary, we have, differentiating along the boundary, 
IW/dss 0, Also 
i = 2 WwW 
V 3 W= +; 


which for a rectilinear saeaii va ec) reduces to 
ds? 
Thus (2.4) also becomes V*?W =0. For a simply supported rectilinear 
boundary the boundary conditions can therefore be put in the form W=0, 
Vv 2W = 0.» 10 

Hence, if we know the solution for a membrane, the corresponding 
solution for a plate can be easily written down. In fact the form of W given 
by Rayleigh for a rectangular plate is the same as that for a membrane. 


viW= 


TRIANGULAR PLATES 


We have already discussed in another paper the transverse vibrations 
of triangular membranes. For triangular plates it is therefore quite sufficient 
to give the main results, 
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Transverse Vibrations of Recttlinear Plates 


Right-angled isosceles plate-—The displacement W is given by 


2m.'+ 1) =: 2n + 1 2n +1 
W=cos cos cos ogg (2m *Y (5) 


the sides being x= a, y= + x, m and n being integers.5 The frequency is 


given by 
[((2m-+ 1)?+ (2n+ - 


The gravest mode is ~~ by 


(7) 


W,= cos Iq — COS Cos 


This solution gives the Bee vibrations. The symmetrical are given by 


W=sin = ~ sin my — sin sin (8) 


Equilateral plate——The corresponding results are given by 


(m— n) (m+n) V3 
W= 2 sin 


(2m +n) 7x , 


cos 


+2 sin 


(9.2) 


(9.3) 
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* cos 
a a 


W,= 2°sin (9.4) 


the sides of the plates being x= a, y= + x/¥V3. 


Isosceles triangular plate containing an angle of 120°.—In this case the 
results are: 


a 2a 


— 2.cos (2m-+ 1+ —,— 


+ (2n+ 1+ co os 


(10.1) 
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P=™ [(2m+ 12+ (2m+ 1) (2n4 1)4 (2n4 (10 . 2) 
a mM 

Po D 
a 


(10. 3) 


W,=2sin 2% sin 7” V3 2 cos cos 
a 2a 2a 

3.ay V3 


In this case the modes are all symmetrical. 
y= xV3, p+ ¥V3 = 2a/ V3. 


Right-angled triangle containing an angle of 60°.—If the sides are taken as 
x =a, y=alV3, y= xv3, the results given in (10) hold good in this case 
as well. 


+ 2cos (10 . 4) 


The sides are given by x= a, 


RHOMBUS AND A REGULAR HEXAGON 


If we take the sides of the rhombus, which contains an angle of 120°, 
asx=0, x=a, y=x/V3, y= x/V3+ 2a/3, and those of the regular 
hexagon as x= +4, y= + x/V3 + 2a//3, the solution in (9) holds 


In all the above cases we find that the frequency is proportional to 
1 /D 
m,’ 
CLAMPED EDGES 


Square-plate.—If we take the sides of the plate as y= +x + 2a, we 
find that the solutions given in (6) and (7) also satisfy the condition 
dW/dn=0 over the boundary. Thus the conditions W=0, JW/n=0 
for a clamped edge are satisfied on all the sides of the plate. It is found 
that these conditions are also satisfied on the lines y= +x. Hence (6) 
and (7) give the symmetrical vibrations. 


If we use this solution for a right-angled isosceles plate we find that the 
conaitions for a clamped edge are satisfied on the equal sides y= + x, but 
that on the edge x= @ the conditions for a supported edge are only satisfied. 
Hence it may be used when the equal sides of the plate are clamped and the 
base is supported. 


Free vibrations of a square-plate——If the edges are free the boundary 
condition (2.1) must also be satisfied. Since y*W = —k?W and 


i 


Transverse Vibrations of Rectilinear Plates 


,d/2d » 2 W 
a 
W + Fa 1) Ont WI, 


+ (Qm-+ 1) Qn+1)] 3%. 


We see that (2.1) is also satisfied on all the sides of the plate. The solution 
in (6) and (7) can therefore also be used for the free symmetrical vibrations 
of a square plate. 


As in the case of clamped edges, this solution can be used for a right- 
angled isosceles triangle whose equal sides are free but whose base is 
supported. 

SUMMARY 


The problem of the vibrations of a rectilinear plate with supported edges 
can be reduced to the corresponding problem of a vibrating membrane. 
Exact solutions are given for a number of triangular plates. The free and 
clamped vibrations of a square and a right-angled isosceles triangular plate 
have also been discussed. 
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BROMINATION OF COMPOUNDS CONTAINING 
TWO AROMATIC NUCLEI 


Part IV. Bromination of Aryl Esters of Para-Cresotic Acid 


By G. V. JADHAV AND M. ASLAM 


(Organic Chemistry Department, Royal Institute of Science, Bombay, and 
Ismail Yusuf College, Andheri) 


Received May 24, 1946 
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THE present work is the continuation of the work of Jadhav and Rangwala.} 
It has been now observed that the presence of free -OH group in the molecule 
facilitates the bromination and the bromine is directed to the nucleus con- 
taining it. As the more favoured position para to -OH group is already 
occupied by the carbphenoxy group, the reaction takes place only at higher 
temperature, except in the case of B-naphthyl ester when the reaction takes 
place at room temperature. The first bromine atom takes up the position 


ortho to the -OH group. 


Higher bromo derivatives can only be obtained directly in the case of 
phenyl and m-cresyl esters with liquid bromine. The dibromo derivatives 
of o- and p-cresyl esters can be prepared by using their mono bromo deri- 
vatives and liquid bromine. 


The presence of the nitro group in the phenolic nulceus facilitates the 
formation of the mono bromo derivatives as they are formed in a shorter 
time but it so completely deactivates the phenolic part of the molecule, that 
no dibromo derivative can be prepared (cf, Jadhav and Rangwala, 
loc. cit.). 

Phenyl, o-, m- and p-cresyl, m- and p-nitrophenyl and £-naphthyl esters 
are worked out. 


The constitutions of these bromo compounds are proved by their 
hydrolysis with alkali and confirmed by mixed melting point with the 
condensation product of 5-bromo-p-cresotic acid and the respective phenol, 
except in the case of the dibromo derivative of the p-cresy] ester, 
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bromo derivatives. 


A mixture of the ester (4g.) dissolved in sufficient glacial acetic acid 
and 20c.c. of 20% solution of bromine in glacial acetic acid was heated on 
a boiling water-bath for about half an hour in the case of phenyl and cresyl 
esters and for only fifteen minutes in the case of nitrophenyl esters. In the 
case of B-naphthyl ester, the reaction was allowed to proceed overnight at 
room temperature. The bromo derivative separated on cooling the reaction 


time. All bromo compounds crystallised , 
from acetic acid. They are described in Table I below. 


mixture or after the requisite 


EXPERIMENTAL 


TABLE I 
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Bromination of phenyl, o-, m- and p-cresyl, m- and p-nitrophenyl and 
B-naphthyl 3-methyl-6-hydroxy-benzoates (p-cresotate).—Preparation of mono 


Name of the substance 


Formula 


Analysis 


Found % 


Required % 


Phenyl! 3-methyl-5-bromo-6-hydroxy- 
benzoate 

o-Cresyl 3-methyl-5-bromo-6-hy droxy- 
benzoate 

m-Cresy| 3-methyl-5-bromo-6-hydroxy- 
benzoate 

p-Crystal 3-methyl-5-bromo-6-hydroxy- 
benzoate 

m-Nitrophenyl 3-methyi-5-bromo-6- 
benzoate 

é-Nitrophenyl 3-methyl-5-bromo-6- 
nydroxy-benzoate 

8-Naphthyl 3-methyl-5-bromo-6- 

hydroxy-benzoate 


C44H,,03Br 
C45H,303Br 
C44Hi)0;N Br 


Br, 26-2 
Br, 24°5 
Br, 24°8 
Br, 24:8 
Br, 22°5 
Br, 22-6 
Br, 


Br, 26+1 
Br, 24+9 


Br, 24*9 


Br, 24+9 


Br, 22-7 
Br, 22-7 
Br, 22-4 


(4g.) was directly added to phenyl 3-methyl-6-hydroxy-benzoate (2 g.). 
The reaction mixture was shaken for about half an hour and then water 
(about 200c.c.) was added to it, when some more solid. was obtained. 
Sodium bisulphite was then added to remove excess of bromine and the 
product was washed with water and crystallised from acetic acid, m.p. 
124-5° (Found: Br, 41-4%; C,,H,,OsBr2 requires Br, 41-5%). 


was 
prepared and crystallised in the same way as its phenyl homologue, m.p. 
141-2° (Found: Br, 39-6%; C,,H,,O,Br, requires Br, 40%). 


bromine 


ile 
| | 
ner 
110-11° | 
ion 
147-8° 
f 
| 
eri- 169-70° | 
214-15° 
: 
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2- Methyl-4-bromo-phenyl-3-methyl-5-bromo-6-hydroxy-benzoate. — Liquid 
bromine (2 g.) was added to o-cresyl-3-methyl-5-bromo-6-hydroxy-benzoate 
(4 g.) and the reaction mixture was shaken for about an hour. It was then 
worked up and. crystallised in the same way as its above isomer, m.p. 
156-7° (Found: Br, 39-8%; C,,H,,O;Br. requires Br, 40%). 


4-Methyl-2-bromo-p .— Liquid 
bromine (5 g.) was added to p-cresyl-3-methyl-5-bromo-6-hydroxy-benzoate 
(5 g.) and the reaction mixture was shaken for about an hour and it was 
worked up and crystallised as its other isomers, m.p. 136-7° (Found: 
Br, 40%; C,,;H,,O,Br. requires Br, 40%). 


Hydrolysis of the bromination products—The monobromo derivative 
was boiled for about four hours with excess of 5 per cent. solution of sodium 
hydroxide. Carbon dioxide was then passed through the cold reaction 
mixture when the phenolic compound that separated was extracted with 
ether and the aqueous layer acidified with hydrochloric acid when the acid 
was precipitated. {t was crystallised from acetic acid and identified as 5- 
bromo-p-cresotic-(3-methyl-5-bromo-6-hydroxy-benzoic) acid, by mixed melt- 
. ng point. In the case of m- and p-nitrophenyl and f-naphthyl esters, the 
phenols also were identified by mixed melting points. 


The dibromo derivatives were boiled with excess of 8 per cent. sodium 
hydroxide solution for about four hours. The reaction mixture was then 
worked up as in the case of the monobromo products and the acid was 
identified as 5-bromo-p-cresotic (3-methyl-5-bromo-6-hydroxy-benzoic) acid. 
In the case of o- and m-cresy]l derivatives, the phenolic component was also 
identified as p-bromo-o-cresol (2-methyl-4-bromo-phenol) and p-bromo-m- 
cresol (3-methyl-4-bromo-phenol) by mixed melting points. 


Condensation of 5-hromo-p-cresotic acid with phenols.—In the case of the 
preparation of the monobromo derivatives the acid was condensed with 
the corresponding phenol whilst in the case of the dibromo compounds the 
acid was condensed with the necessary bromophenol in presence of phos- 
phorous oxychloride by heating them for about half an hour at the required 
temperature. The reaction mixture was then diluted with water and the 
solid was washed with very dilute alkali and crystallised from acetic acid. 
They are described in Table II. Mixed melting points of these condensation 
products with the bromination products showed no lowering. 
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TABLE JI 


Gm. of 
5-bromo-p Name of phenol 
cresotic and gm. 
acid 


Temp, Condensation product 


to 


Phenol Phenyl 3-methyl-5-bromo-6- 
hydroxy-benzoate 

o-Cresol o-Cresy1-3-methy1-5-bromo-6- 
hydroxy-benzoate 

m-Cresol m-Cresy]-3-methy1-5-bromo-6- 
hydroxy-benzoate 

p-Cresol 
hydroxy-benzoate 
m-Nitrophenol m-Nitrophenyl 3-methyl-5- 
bromo-6-hy droxy-benzoate 
p-Nitrophenol é-Nitrophenyl 3-methyl-5- 
bromo-6-hydroxy-benzoate 
B-Naphthol f8-Naphthyl 3-methyl-5- 
bromo-6-hydroxy-benzoate 
p-Bromophenol 3 4-Bromopheny] 3-methyl-5- 
bromo-6-hydroxy-benzoate 
p-bromo-m-cresol 4-Bromo-2-methyl-phenyl 
3-methyl-5-bromo-6-h ydrox y- 
benzoate 

o-Bromo-m-cresol 3 4-Bromo-3-methyl-phenyl- 
3-methyl-5-bromo-6-hydroxy 
benzoate 


wv 


SUMMARY 


Bromination of phenyl, o-, m- and p-cresyl, m- and p-nitro-phenyl and 
B-naphthyl esters of p-cresotic acid is described. In the case of phenyl, 
o-, m- and p-cresyl esters mono—as well as di-bromo derivatives are obtained. 
Their constitutions are proved by hydrolysis and confirmed by their prepa- 
ration by condensation method. 
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1. INTRODUCTION 


THOUGH the apparent shape of the sky has been a matter of considerable 
human curiosity from times immemorial, it was not until very recently that 
efforts have been made to attempt a geometrical construction of the visual 
space. Amongst the earliest to make the attempt were Reimann! and von 
Sterneck.2, They have respectively assumed a circular and a hyperbolic 
profile for the meridional section of the sky. Miller and Neuberger*® have, 
more recently, determined quantitatively the influence of various meteoro- 
logical conditions, particularly clouding, on the apparent shape of the sky 
during daytime, assuming a circular profile for the meridional section. No 
investigation has yet been made, however, to discover how the apparent 
shape of the sky varies with the intensity of illumination in the sky. For 
an investigation of this nature, it will not suffice just to make casual measure- 
ments of the sky shape on different days and nights, unless the intensity of 
illumination is measured quantitatively. There are two important reasons 
for this. Firstly, subjective impression, if any, will affect the obsei vations 
very unequally, as the frame of mind of the observer may not be identical 
on different occasions far removed from each other; and to that extent, 
the values will not lend themselves to a reliable inter-comparison. In the 
second place, such measurements can at best only lead to an inference of the 
manner of variation of the sky shape. It is therefore necessary to make 
measurements continuously as the intensity of illumination in the sky varies. 
The author has undertaken a thorough investigation of this problem. The 
earlier results were already published in a preliminary note. {n this paper 
are recorded the details of the measurements carried out by the author on 
different days of clear sky at the times of rise and set of the sun, with and 
without the moon in the sky at those times. 


2. THEORY 


It is assumed for the purpose of this investigation that the profile of 
the meridional section of the sky is circular. On this assumption, let the 
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apparent distances of the horizon and the zenith from an observer at a point 
O be OH and OZ respectively, as in Fig. 1. Let C be the centre of the sphere 


= 
N 
Ak 
2r 
¢ 


Fic. 1 


of which the sky forms part. We shall take ZHCZ as equal to 2x. Let 
the apparent arc HZ be divided into ‘n’ equa! parts and a point N be chosen 
thereon such that HN contains ‘k’ such parts. Then arc HN will subtend 


and angle = katC. Weshall designate ZHON as ap. 


Let NP be dropped perpendicular to OZ. 


It is evident from the figure that, if the radius of curvature of the sky 
is R, then, HC=NC=ZC=R. Further, 


NP= R sin (2x- k) and OP=R [cos (2x-4 k)—cos 2x] 
cos (2x-3 k)— cos 2x 
sin (2x-- *k) 


In the particular case where k= 1/2 or N is the mid-point of the arc HZ, 
we get, plitting ag= a, 


OP 
NP 


= tan ap= 


cos Xx—cos 2x 


tana= 
sin x 


The angle a, which, to the observer, is the elevation cf the mid-point 
of the arc HZ above the horizon, is called the half-arc angle. So long as C 
lies radially below O, the point of observation, it is evident that the half-arc 
angle will be less than 45°. 
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Tt may further be shown from Fig. 1 that 


R R OH 
OZ~ R (1—cos 2x) ~ x 274 that GF = cot x 
3. THE METHOD 


As the primary object of the present work has been to determine the 
extent of dependence of the sky shape on illumination, it was thought best 
to carry out measurements on days of cloudless sky and good visibility. 


The method of measuring the half-arc angle was first to fix the mid- 
point of the arc from the zenith to the horizon by estimation and then deter- 
mine the elevation of this point above the horizon with the help of a simple 
angle-meter. The meter consists of a pair of brass strips pivoted together 
at one end and turned inwards at the free ends at right angles to the length 
of the strips. One of these arms carries a brass scale graduated in degrees, 
which slides past a tiny projection on the other. To measure the angle 
subtended by any two points from any position, the pivoted end of the 
instrument is placed close to the eye and the inner edges of the turned terminals 
are made to coincide with these points. The angle subtended by the points 
at the post of observation can then be read off from the scale. For making 
measurements during moonless nights, the bent terminals of the angle-meter 
were covered with bits of suitably-cut white paper, which rendered them 
sufficiently visible against the dark background of the sky. Experience 
has shown that measurements could be carried out with this instrument 
correct to half a degree. * 


Continuous measurements of the half-arc angle were made on all 
occasions in four different directions, which were clear of orographic eleva- 
tions. It was found possible to take eight measurements of the half-arc 
angle in every five minutes, two in each of the four directions. Each set 
of observations thus mainly consisted of eight values. The arithmetical 
mean of eight such values during any five-minute interval was adopted as 
the representative value for the mean shape of the sky during that interval. 


4. RESULTs 


The gap in the values for the half-arc angle in Table I on 29-1-"46 was 
due to a patch of cloud which formed at about 20 minutes before sunrise 
and dissolved 15 minutes later. The values on 27-1-’46 and 29-1-"46 com- 
mence with some moonlight in the sky, as it was new moon only on 2-2-"46. 
Though the sky was clear on 16-2-"46 which was a full-moon day, there was 
mist in addition to local patches of fog, which caused the moon to disappear 


fig 
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ten minutes in advance and allowed the sun to appear only ten minutes after 
the calendar time. The visibility was generally about 6 miles outside fog 
or mist. On 18-1-’46, and 15-2-’46 in Table II, the moon was nearly full. 
On 5-2-"46 and 7-2-"46, the illumination due to the moon was very small. 
There was no moon in the sky on 1-3-’46 after sunset. 


The values of the ratio OH/OZ at different times on the evening of 
15-2-°46 and on the morning of the following day are given in Table III. 
These ratios have been calculated using equation (1). , 

TABLE [ 
Half-arc angle at sunrise 


Minutes after 
sunrise 


Time in Hrs. L.S.T. | 

Moon 
Date Sun- | 
Rise| Set | rise | 60 | 50 | 40 | 30 | 20 | 10 10| 20] 30 


27-1-1946 0131 | 1320 | 0636 | 25-1°| 25-9°| 26-4°) 26-1°| 27-1°) 27+3° 27-5* 27-4°197-5° 
99-1-1946) 0312 | 1450 | 0636 | 25-0°| 25-6°| 25-6°| .. oe 
16-2-1946| 1833 | 0638 | 0632 | 25-5°) 25-6°| 25-7°| 25-9°) 25-9°| 26+2° 27°2°|28-6° 


Minutes before sunrise At’ 


TABLE II 
Half-are angle at sunsct 
Timein Hrs, 
hi. A Minutes before sunset a Minutes after sunset 
set 


rise Set| Set} 60 % | 0 30 | 20 | 10 10 | 20 | 30 | 40 | 60 


.. 28-0°|27-4° 26+4°'25 -8° 
25-6° 
24+2° 


28 -0° 28-0° 27°6° 27 +2°126+4°!25 +8° -4°125-4° 25+5° 25-6° 
' | 


TABLE IIf 
Variation of OH/OZ 


Minutes before Minutes after 
sunset sunset 


Date | Event . sunrise 
wo |50 | 4 30 2» | 0 sunset | 19 99 | 30 | 40 | 50 | 60 


| 
15-2-'46] Sunset | 2-60 2-60 | 2-66 | 2-71 2-91 2-97 2.07 2.97 2-97 | 2-95 | 2-94 | 2-94 


16-2-'46 | Sunrise 2-04 2-95 | 2°89 2-78 274 2-71 2°53; 2-53} .. ee 
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5. DISCUSSION OF RESULTS 


The means of the values of the half-arc angle at different times on 27-1-4% 
and 29-1-°46 on the occasion of sunrise are graphically represented in Fig, 2 
by Curve I; and those on 16-2-46 by Curve II. 


The results at the time of sunset are graphically represented in Fig. 3. 
Curves I and II in this figure relate to 15-2-"46 and 1-3-°46 respectively, the | 
former being a full-moon and the latter a new moon day. 


It is of considerable interest to make measurements continuously a 7 


the sun sets till after daybreak under clear sky conditions. Though clear 


sky from before sunset till after sunrise is rather rare at Madras, the author 7 
has been fortunate in making such measurements on 15-16 of February, ~ 


1946, which was a full-moon night. These values are plotted graphically in 7 


Fig. 4. Acomparison of the two curves reveals that the variation of the half- 
130 
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Fic. 2. Half-arc angle at sunrise. Fic. 3. Half-arc angle at sunset. 


Curve I—Nearly Moonless Sky. Curve I—Full-moon Sky. 
Curve I[—Full-moon Sky. Curve I[—Moonless Sky. 
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Fic, 4. Half-arc angle from sunset to sunrise on a full-moon night. _ 
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arc angle is not necessarily of the same nature at sunrise and sunset. It was 
found on that night that the peak value of 26° was attained by the half-arc 
angle when the moon was near about the zenith. The ratio OH/OZ on this 
night (Table IIT) increased from 2-60 before sunset on 15-2-’46 to 2:94 for 
the full-moon sky. On the following morning, it decreased from 2-94 before 
sunrise to 2:53 after the sun rose well above the horizon. 


The above results show that decrease in intensity of illumination actually 
makes the apparent horizon drift farther and vice versa. It may prima 
facie \ook paradoxical that the horizon should seem to drift farther as the 
illumination decreases, instead of coming closer. Nevertheless, the human 
eye has been trained by experience to associate a greater distance with a 
darker object than a similar brighter one at the same distance. It is precisely 
the principle of this optical illusion that is utilised by painters in painting, 
on a plane surface, a subject intended to give a three-dimensional impression 
to the eye—the parts that should look more distant from the eye being shaded 
darker than the ones that should look nearer. 


The combined effect of the darkening of the horizon and the decrease 
of the intensity of the light scattered from the zenith at sunset is thus found 
to be a reduction in the half-arc angle. This effect is reversed as the sun rises, 


Influence of subjective impression.—It is seen from the above considera- 
tions that subjective impression also has some play on the half-are angle to 
the extent to which, for the same distance under identical conditions, a darker 
object would look farther than a similar one at the same distance, which is 
brighter. Subjective impression seems to be about the same for all 
observers when a differentially-shaded object, such as a painting, is at close 
quarters. A painting, properly done, does not evoke different visuaj 
reactions in different observers. If it did, the visual impression of depth 
would be different for different observers of the same picture, which is a 
situation cortrary to experience. That subjective impression for objects 
at large distances may not differ much from observer to observer is shown by 
the fair agreement between the results obtained by Miller and Neuberger 
separately under identical physical conditions. Even if there does exist 
some difference in subjective impression from observer to observer, the 
variation of that impression with any physical condition is much less likely 
to differ with the individual. In other words, subjective impression may at 
best have the effect of slightly depressing or elevating the half-arc angle curve 
parallel to the y-axis but not influencing its gradient to any extent. 


Effect of Moonshine.—The rate of variation of the half-arc angle is 
rather depressed in the presence of the full or nearly-full moon (vide Figs, 


g.2 
3 
the 
yas 
lear 
thor 
ary, 
yin 
4 
90 


46 | Dp. Venkateswara Rao 


2 and 3). This effect is more pronounced at the time of sunrise. If there is 
full-moon in the sky at the time of sunrise, the half-arc angle will already 
be having a value of 25-5°, so that it will have to increase only by 1-5° more 
in order to attain the sunrise value. On the other hand, in the absence of 
the moon or when the moonlight is relatively little, the half-arc angle will 
have to rise from a value lower than 25-5°. The rate of increase of the half- 
arc angle would therefore natura!ly depend on the intensity of illumination 
initially present in the sky before sunrise. 


At sunset, the terminal value of 25-5° for the full-moon sky is reached 
almost at the time of sunset and that for the moonless sky of 24-2° is 
attained only about three quarters of an hour later. The presence of the 
moon thus has a depressant effect on the rate of fall of the half-arc angle. 


Effect of clouding —The author has made half-arc angle measurements 
at the time of sunset on 17-2-’46 when cirro-cumulus clouds formed and 
partly covered the sky as the sun set. Small lumps of this cloud began to 
show to the west about 45 minutes before sunset and covered 5/10 of the 
sky by sunset. The sky to the east was clear throughout. The values of 
the half-arc angle measured on this occasion in the clear sector are repre- 
sented in Fig. 5 by Curve I and those in the cloudy sector by Curve II. It 

+29 
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Fic. 5. Effect of clouding on the half-arc angle at sunset. 
Curve I—Clear Sector. Curve II—Cloudy Sector. 


will be seen from this figure that the presence of cloud in one quarter of 
the sky had the effect of making the cloudy part of it look flatter and lower. 
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The sun disappeared into the clouds about 10 minutes before the time of 
set and, in that process, brightly lit them up. This resulted in the half-arc 
angle falling to the very low value cf 22-6° in the cloudy sector at sunset. 
During this time, Curve I too shows a remarkable depression. At that time, 
the cloud invaded the zenith and made it look lower. The clouds became 
dark within 15 minutes after sunset and were hardly seen ten minutes later. 
This resulted in the swinging back of the half-arc angle to the normal value 
of about 24-9° (vide Table II) for the moonless sky in the clear sector about 
fifteen minutes after sunset. 


The moon rose on this day about 70 minutes after sunset. As soon as 
moonlight appeared in the sky, the cirro-cumulus cloud, which was probably 
all along there, began to appear to the eye and to depress the half-arc angle 
till, fifteen minutes after moonrise, the very low value of 22° was reached in 
the cloudy sector. 


From the above considerations, it appears that, on a cloudy day, the 
variation in the shape of the partially-clouded sky as the sun or moon rises 
or sets is uncertain and depends very much on the kind, amount and distri- 
bution of the cloud and the way in which it is lit up by the setting or rising 
sun or moon. The need is therefore great for a clear sky at the time of 
investigation of the dependence of the half-arc angle on any varying factor, 
such as intensity of illumination or visibility. 


Some features of sky-illumination when the sun is near the horizon and 
their influence on the half-are angle.—In a paper in 1927, Dr. K. R. Rama- 
nathan has dealt with the principal features of sky-illumination in clear 
weather when the sun is near the horizon. Of these, the factors that influ- 
ence the half-arc angle as seen by the naked eye are (1) the changes from blue 
to grey of the sky with a tinge of purple, (2) the purple counter-glow that 
rises up from the east as the sun goes below the horizon and (3) the azimuthal 
variation of the sky colour from the east to west a little after sunset. 


The influence of the variation of the wave-length of the sky-illumina- 
tion on the half-arc angle as the sun sets or rises has yet to be determined. 
Miller and Neuberger have shown that, when looking at the sky through 
a red filter, the half-arc angle is found to be larger by a degree than as 
seen by the naked eye. If this is correct, increase in wave-length of the 
light from the sky as the sun sets ought to increase the half-arc angle. _It 
is possible that this may be masked by the preponderant fall rf the half-arc 
angle as the intensity of illumination falls steeply with sunset. 


The effect of the counter-glow, bounded at the lows: edge by the 
greyish-blue earth shadow, is to flatten the sunset sky excer * ten the edge 
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of this glow comes up to the height of the mid-point of the arc HZ. In that 
case, there is a tendency on the part of the observer to slightly over-estimate 
the halt-arc angle. This counter-glow rarely moves higher up than the 
mid-point of the arc HZ, which is about 25° above the horizon in clear 
weather; and ona hazy day, it disappears much lower down. 


6. SUMMARY 


Measurements have been made, for the first time, of the half-arc angle 
as the intensity of illumination in the sky varies at the times of sunrise and 
sunset. The results are discussed and explained. The effects of subjective 
impression, moonshine and differential clouding on the half-are angle are 
also discussed. It is pointed out that, for an investigation of the variation 
of the apparent shape of the sky with any factor, all the other physical 
conditions should be identical. The possible influence of the wave-length 
of the sky-light on the half-arc angle is also indicated. 


It is intended to carry out experiments to determine quantitatively how 
the intensity of illumination varies in the sky at the times of sunrise and sunset 
and find out a correlation between the variation of the intensity of illumina- 
tion and the half-arc angle. 


In conclusion, the author wishes to thank Mr. B. N. nets 
Meteorologist, Madras, for his kind interest and helpful criticisms during 
the progress of these investigations. 
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Pajaneelia Rheedii (Bignoniacee) is a tree of medium size found in the 
Malabar coast, Eastern Bergal and Burmah. It is sometimes used for 
dug-out canoes in Travancore, but its chicf use is as a support for the pepper- 
vine. We had occasion to test small quantities of the root and stem barks 
received from Travancore and we found them to be highly bitter. The 
bitter principle has now been isolated and studied; it is given the name 
‘pajaneelin’. The yield is frequently as high as 5% of the weight cf the 
dry stem bark though it varies considerably. 


Pajaneelin is readily isolated by extracting the bark in the cold with 
alcohol, concentrating the extract and adding water; it can be crystallised 
from hot water or alcohol and is highly bitter. It melts at 237-39°, 
has the molecular formula C,,H,,O,, and is strongly levorotatory. It is 
insoluble in aqueous sodium carbonate but dissolves readily in dilute sodium 
hydroxide. It gives a yellowish brown colour with ferric chloride. It 
undergoes hydrolysis in dilute acid, but considerable resinification takes 
place. Cold aqueous sodium hydroxide is far more convenient for this 
reaction and it yields besides a hexose, an aglucone melting at 210-12° 
(decomp.) and having the composition CgH,O;. The aglucone occurs also 
free to some extent in the bark (0-1%). It is an acid dissolving readily in 
sodium bicarbonate solution and giving a brownish yellow colour with 
ferric chloride. Methylation with methyl iodide or dimethyl sulphate and 
potassium carbonate yields a dimethyl derivative (ether-ester) insoluble in 
alkali and melting at 90-91°. This undergoes saponification to form a 
monomethyl ether which is an acid melting at 174° but clarifying at 188-89°. 
From its properties and reactions the aglucone has been identified as 
p-hydroxy-cinnamic acid. (para-coumaric acid) and the methyl ether as 
p-methoxy-cinnamic acid and this has been confirmed by a comparison with 
synthetic samples obtained by the method of Robinson. The sugar is 
identified as d-fructose since it is levorotatory, yields an osazone identical 
with glucosa-zone and gives the special tests, 
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Pajaneelin yields on hydrolysis one molecule of para-coumaric acid and 
one molecule of d-fructose. It is neutral in reaction and as already pointed 
out, its hydrolysis is smoothly effected with cold dilute alkali. Methylation 
with excess of dimethyl sulphate and potassium carbonate yields a derivative 
which undergoes hydrolysis with alkali forming p-methoxy-cinnamic acid, 
On the other hand methylation with aqueous sodium hydroxide and dimethyl 
sulphate yields directly p-methoxy-cinnamic acid due obviously to the 
removal of the sugar group during the process. It is therefore clear that 
pajaneelin is a fructose ester of para-coumaric acid and not a glycoside. 
Me2SO 


4 
—> Methyl derivative 
+ K,COz 


CgH1105 


% 


—CH=CH—COOH 


Some sugar esters of this type involving aromatic acids are already 
known. Probably the most widely occurring are the gallic acid derivatives 
which are present as components of tannins. Vaccinin,? which is a consti- 
tuent of whortle and other berries, is a benzoic acid ester yielding glucose 
and benzoic acid on hydrolysis. Another benzoyl ester of the sugars is the 
dibenzoyl-glucoxylose obtained by Power and Salway® from Daiviesia 
latifolia. A more complex case is populin* which is a monobenzoyl ester 
of salicin. In this the sugar part of the glucoside is esterified with benzoic 
acid. To a similar category belong the complex anthocyanins like salvianin 
(monardaein), delphinin, gentianin and violanin. The first is a derivative 
of pelargonidin and the others are derived from delphinidin. Willstatter 
and Mieg® originally expressed the opinion that p-hydroxy-benzoic acid in 
delphinin is attached to the glucose residue and not to the phenolic hydroxyl 
groups of the pigment. The methylation experiments of Kondu® seem to 
have been inconclusive though he was inclined to a different view. As the 
result of the complete methylation and hydrolysis of salvianin Karrer ard 
Widmer’ obtained a dimethyl ether of pelargonidin. Though on the earlier 
view of Karrer that a disaccharose unit was present in the 3-position of the 
anthocyanin molecule this seemed to indicate the linking of the para- 
hydroxy cinnamic acid unit to the phenolic hydroxyl in the 5 or 7 position, 
on the later and correct 3: 5-dimonoside structure of Robinsor.® the acid 
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group should be combined to a sugar hydroxyl. In accordance with this 
Karrer and Meuron? later showed conclusively that in violanin the p-hydroxy- 
cinnamic acid unit is attached to the sugar part. There is no doubt that the 
combination of the acids with the sugar hydroxyls represents a stabler condi- 
tion than esterification of a phenolic hydroxyl. 


Another very interesting example of a naturally occurring sugar ester is 
the pigment of saffron, crocin. In it the unsaturated long-chain dicarboxylic 
acid crocetin is esterified with 2 molecules of gentiobiose. 


p-Coumaric acid has been previously found in the leaves and stem bark 
of Catalappa ovata™ in which it occurs along with ferulic acid. It has also 
been isolated from green tea leaves! and from the urine of special diseases.}# 
It should therefore be considered to be an important compound of the 
9-carbon (C,—C;) system occurring in nature. The bark of Pajaneelia 
Rheedii seems to be one of the richest sources. 


The remarkable feature about pajaneelin is that it is the first instance 
where fructose has been found in combination with an aromatic acid in 
ester form. Though this sugar is present in nature in considerable quantities 
both free and in combination as sucrose and inulin, simple fructosides and 
fructose esters have not been known. Pajaneélin is highly bitter and in this 
respect it has resemblance to vaccinin. 


EXPERIMENTAL 
Isolation of Pajaneelin 


The stem and root barks of Pajaneelia Rheedii were obtained from the 
forests of Travancore. There was considerable variation in quality; a 
sample of the stem bark collected in July 1945 gave the best results and the 
experiments carried out with this sample are described below: 


The dry bark powder (2 kg.) was extracted thrice in the cold with alcohol 
keeping the material immersed in the solvent for 24 hours each time. The 
combined extract was distilled to recover the solvent and the concentrate 
thoroughly extracted with ether. The ether solution was marked (A). The 
ether extracted concentrate (B) was allowed to stand for a week. A heavy 
crystalline solid was deposited; it was filtered and washed with cold water. 
Some more of it was obtained on diluting the filtrate with water. When 
recrystallised from water or alcohol it melted at 237-39° and the melting 
point was not improved by further crystallisation. The total yield of the 
pure product (pajaneelin) was 100g. (5%). The aqueous mother-liquor 
and. washings were put together and marked (C), 
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The ether extract (A) on evaporation yielded an amorphous solid which 
was extracted with aqueous sodium carbonate and filtered. On acidifying 
the filtrate, extracting it with ether and evaporating the ether extract a small 
amount of crystalline solid was obtained. When re-crystallised from hot 
water it melted at 210-12° (decomp.) and was found to be identical with the 
compound (aglucone) obtained by the hydrolysis of pajaneelin. 


In one experiment a portion of the aqueous mother-liquor (C) was 
treated with excess of basic lead acetate and the pale yellow precipitate of 
the lead salt filtered and washed with water. It was then ground up with 
excess of water, the mixture warmed and repeatedly saturated with hydrogen 
sulphide. The precipitate of lead sulphide was filtered and washed with 
boiling water. The filtrate was concentrated to small bulk, the syrupy 
residue dissolved in a small amount of alcohol and treated with excess of 
ether. The ether layer was separated, evaporated and the resulting residue 
extracted with small quantities of aqueous sodium carbonate, This extract 
was filtered and acidified when a colourless crystalline precipitate was 
obtained. It melted at 210-12° with decomposition and was identical with 
the aglucone obtained from pajaneelin. The total yield of the free aglucone 
from (A) and (C) was approximately 0-1%. 


Mother-liquor (C) seemed to contain some more pajaneelin besides the 
aglucone since in another experiment on subjecting it to treatment with 
aqueous potash it gave the aglucone readily and in much better yield. 
Enough potash was added to (C) in order to make the strength 5%. The 
solution was allowed to stand for 24 hours, acidified with hydrochloric -acid 
and extracted thoroughly with ether. When the ether solution was shaken 
with aqueous sodium carbonate (5%) and the alkaline solution acidified the 
aglucone was obtained in a crystalline condition. 


Properties and Reactions of Pajaneelin 


Pajaneelin was soluble in alcohol and acetone and insoluble in ether. 
It was soluble in boiling water and separated out on cooling in the form of 
rectangular prisms melting at 237-39°. It was highly bitter to the taste 
and gave a yellowish brown colour with alcoholic ferric chloride. It formed 
a pale yellow bulky precipitate with basic lead acetate. It was insoluble in 
cold aqueous sodium bicarbonate and carbonate and its solution in hot 
water was neutral to litmus. But it dissolved in cold aqueous sodium 
hydroxide with a pale yellow colour, It underwent charring in concen- 
trated sulphuric acid and formed a yellow solution in strong nitric acid, [ts 
solution in alcohol was strongly levorotatory (Found: C, 55-7; H, 5:8; 
CgHigO, requires C, 55-2; H, 5°5%.) [a], —173°. 
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Pajaneelin Acetate 


This was prepared by boiling pajaneelin with acetic anhydride and a 
few drops of pyridine for 2 hours. It crystallised from ethyl acetate- 
petroleum ether mixture as colourless needles melting at 108-9° (Found: 
C, 56-4; H, 5-0; requires C, 56-0; H, 5-2%). 


Hydrolysis of Pajaneelin 


(i) Acid hydrolysis—Pajaneelin was boiled with 7% sulphuric acid for 
2 hours; a dark brown solid separated out during the course of this hydro- 
lysis, The mixture was extracted repeatedly with ether. When the ether 
solution was evaporated a pale brown solid was left; it crystallised from 
hot water as colourless needles and melted at 210-12° and was identical with 
the aglucone obtained by alkaline hydrolysis (see below). The yield was 
poor. The aqueous acid solution left after ether extraction was treated 
with excess of barium carbonate and the precipitated barium sulphate filtered 
off. After concentration to small bulk the filtrate yielded an osazone 
identical with fructosazone (glucosazone). 


(ii) Alkaline hydrolysis—Pajaneelin (2-0g.) was dissolved in 10% 
aqueous potash (100c.c.) and the solution allowed to stand for 24 hours. 
It was then acidified with acetic acid and repeatedly extracted with ether. 
The ether extract was marked (A) and the aqueous solution (B). 


The aglucone-—{A) was evaporated and the residue taken up with 
aqueous sodium carbonate. The solution was filtered and acidified with 
hydrochloric acid. The crystalline precipitate was then recrystallised from 
boiling water when it came out as colourless needles melting with decompo- 
sition at 210-12°. It was readily soluble in organic solvents and its solution 
in water was acidic to litmus. The solid dissolved in aqueous sodium 
bicarbonate with effervescence and its solution in aqueous potash was yellow. 
In the presence of mineral acids (hot) it was unstable and underwent dis- 
colouration and resinification, Its solution in concentrated sulphuric acid 
was pale brown. It gave a yellowish brown colour with alcoholic ferric 
chloride and a pale yellow precipitate with basic lead acetate (Found: C, 
66:0; H, 4-8; C,H,O3 requires C, 65-9 and H, 4-8%). 


The percentage of aglucone in pajaneelin was estimated by effecting the 
saponification quantitatively as follows: A weighed quantity of pajaneelin 
was treated with excess of N/10 aqueous potash and allowed to stand in 
the cold for 24 hours. The excess of alkali remaining was then titrated with 
Standard acid. The alkali used up in the saponification corresponded to the 
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aglucone (Found: aglucone 50:2%. Calculated for CyH,O3 in C,5H;,0,, 
50: 3%). 


The acetyl derivative was prepared by boiling the aglucone with acetic 
anhydride and a few drops of pyridine for 2 hours. It crystallised from 
ethyl acetate-petroleum ether mixture in the form of colourless rhombo- 
hedral plates and prisms melting at 206-7°. 


The aglucone (2 g.) was dissolved in dry acetone (30c.c.) and dimethyl 
sulphate (10c.c.) and anhydrous potassium carbonate (15 g.) added. The 
mixture was kept gently boiling for 20 hours. The inorganic salts were 
then filtered off and washed with warm acetone. The acctore filtrate was 
concentrated to small bulk and excess cof water added. The precipitated 
solid was collected and recrystallised from alcohol. It came out in the 
form of colourless, thin and broad rectangular plates with a tendency to 
taper at the ends and melted at 90-91°. The substance was insoluble in 
aqueous sodium carbonate and cold aqueous sodium hydroxide and was 
the ether-ester, [Found : OCH3, 31-5; C,,H,.0, requires OCHs (2), 32-3%}. 


The ether-ester was hydrolysed by boiling with alcoholic potash (8%) 
for 30 minutes. As much of the alcohol as possible was distilled off, the 
residue dissolved in water and acidified with sulphuric acid. The colour- 
less precipitate was recrystallised from alcohol when it was obtained as 
colourless elongated rhombohedral prisms melting at 174-75°, but the melt 
became clear only at 188-89°. The substance was acidic in reaction, dis- 
solved in sodium bicarbonate with effervescence and could be recovered by 
acidification [Found: OCHs;, 18-0%; equivalent weight by titration 178-9 


and by the silver salt method 184-2. C,,H,gO3 requires OCH, (1), 17-4% 
and molecular weight 178-0]. 


Comparison was effected between the aglucone, its acetate, methyl 
ether and ether-ester on the one hand and synthetic samples of p-bydroxy- 
cinnamic acid, its acetate, methyl ether and ether-ester on the other. The 


identity was established by the determination of mixed melting points; there 
was no depression. 


The sugar.—The aqueous solution (B) was evaporated almost to dryness 
on a water-bath. The residue dissolved completely in cold water indicating 
the absence of pajaneelin. The solution was treated with a little activated 
charcoal to effect clarification. It was strongly levorotatory and strongly 
reducing, Fehling’s and Tollen’s reagents being reduced even in the cold. 
It yielded readily an osazone crystallising as sheaves of golden yellow 
needles and melting at 204-5°. It also gave the special tests for d-fructos¢ 
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49 
(Pinoff’s and Seliwanoff’s tests). Comparison with a solution of an authentic 
sample of d-fructose established the identity. In an experiment done quanti- 
tatively, from the value of the optical rotation of the final sugar solution 


the yield of the sugar was calculated to be 57-0%; yield required for 
in 55-2%. 


The estimation of the sugar was also made directly as follows: Saponi- 
fication of a weighed quantity of pajaneclin was effected with 5% aqueous 
sodium hydroxide in the cold during 24 hours. The solution was light 
brown in colour. On rendering it slightly acidic with hydrochloric acid 
the colour became very pale yellow. The solution was then made up to a 
definite volume and the rotation taken after filtering off the aglucone that 
separated out. The yield of d-fructose thus found was 565%. 


Methylation of Pajaneelin and Hydrolysis 


Pajaneélin, a Bitter Component of Pajaneelia Rheedii 


Pajaneelin (1 g.) was dissolved in dry acetone (30c.c.), dimethyl sulphate 
(5c.c.) and anhydrous potassium carbonate (10 g.) added and the mixture 
boiled under reflux for 20 hours. At the end of this period the potassium 
salts were filtered and washed.with a small quantity of warm acetone. The 
filtrate was concentrated to small bulk, treated with excess of cold water 
and allowed to stand. An oily liquid separated out and it did not solidify. 
It was therefore ether extracted and the ether distilled off. The residual 
oily product did not solidify on allowing to stand for a long time. It could 
not be crystallised from any solvent. It was therefore directly saponified 
by treatment with cold alcoholic potash for 24 hours. As much alcohol 
as possible was evaporated, the solution diluted with water and acidified. 
The precipitate was purified by again dissolving it in sodium carbonate 
solution and reprecipitating it. After a final crystallisation from dilute 
alcohol it came out as colourless elongated prisms melting at 174° and 
clarifying at 188-89°. It was found to be identical with a synthetic 
sample of p-methoxy-cinnamic acid. 


Our thanks are due to the Divisional Forest Officer, Quilon, for the 
supply of samples of bark. 


SUMMARY 


Pajaneelir, the crystalline bitter principle of the bark of Pajaneelia 
Rheedii is strongly levorotatory and yields on hydrolysis with dilute alkali 
molecular proportions of p-hydroxy-cinnamic acid and d-fructose. Methyla- 
tion and subsequent hydrolysis produces p-methoxy-cinnamic acid. It is 
a neutral compound. It is therefore an ester of p-hydroxy-cinnamic acid 
with d-fructose. The occurrence of similar sugar esters is briefly reviewed. 
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I. INTRODUCTION 


THE rapid precipitation tests of calcium by Hance (1936) and Morgan (1937) 
have some serious defects which limit their applicability to the soils of North 
Bihar, which have a range of total calcium from almost 0-1 to over 30 per 
cent. The reasons are not far to seek as the assessment of calcium in soils 
by both these methods depends on the intensity of discs and lines of various 
shades and thickness viewed through the test vials containing precipitates 
of calcium oxalate formed in the acid extracts of soils. Soils rich in calcium, 
develop voluminous precipitates and above a certain critical point, all 
readings by these tests give the same high value. The critical point in 
Morgan’s test corresponds to a soil very low (0:5%) in total calcium. Above 
this value, all soils give a reading of ‘high’ calcium by the R.C.M. tests. 
In order, therefore, to have a correct measure of total calcium by the R.C.M. 
Technique in soils which vary so much in calcium, attempts were made to 
develop a method that would answer the purpose and yet be simple and easy 
of manipulation. The method ultimately perfected depends for results 
upon the measurement of height of precipitates of calcium oxalate after 
a fixed time and comparing the heights with the standard prepared. out of 
the soils of known calcium content (Fig. 1). 


II. IMPROVED METHOD AND WORKING PROCEDURE 


Six soils of North Bihar from different places having 1, 5, 10, 15, 20 
and 30 per cent. calcium were selected for this purpose. 1 gm. of each of 
the soils was taken in a 100c.c. beaker with 20c.c. N.HCI, and stirred with 
a clean glass rod till effervescence subsided. The mixture is filtered through 
filter-paper Whatman No. I and the filtrate collected in a 100c.c. beaker. 

Ten drops of the filtrate are introduced with the help of a long capillary 
dropper into test vials specially prepared from narrow glass tubing of uni- 
form bore having internal diameter of 4 mm., care being taken that the drops 
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are of uniform size. One drop of liquor ammonia Fort (Conc.) is added 
at this stage, followed by two drops of glacial acetic acid. If the precipitate 
formed by the addition of ammonia does not dissolve completely by two 
drops of acetic acid, addition of an extra one drop of acid is advisable to 
dissolve the precipitate completely. Twenty drops of a saturated solution 
of sodium oxalate are then added. The vials at the open end are closed 
with the thumb or plasticin, and shaken vigorously two or three times. 
They are then allowed to stand for 15 minutes. The heights of the precipi- 
tates are measured and plotted on a graph against the total calcium concen- 
trations. The heights of the precipitates of any unknown soil extract when 


compared with the graph (Fig. 2) will give approximately the concentration 
of total calcium in soils. 


HEIGHT OF PPT. IN Mii. 
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Fic. 2. Showing relationship between height of the precipitate and total calcium. 


III. EXPERIMENTAL RESULTS 


Eighty soil samples collected from different parts of North Bihar and 
varying in calcium content from 0-11% to 30% were estimated by the 
Morgan’s method as well as the new method. The results (Table J) bring 
out clearly on the one hand, the insufficiency of the Morgan’s test in giving 
a correct measure of calcium in soils and on the other, the superiority in 
this regard of the new method, which has throughout shown values corres- 
ponding fairly closely to those obtained from total analysis. 
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TABLE [. Showing Calcium estimation by different methods 


; % CaO by total % Ca improv- Cao in lbs/acr. 
SI. No. Sample No. analysis ed method Morgan 
1 4 0-50 1 2000 
2 3 0-11 1 500 
3 10 0-24 1 
4 50 4-62 5 3000 
5 9 2-45 2 3000 
6 35 6-60 5 3000 
7 54 7-00 10 3000 
8 27 11-70 10 3000 
9 47 14-60 15 
10 32 16-90 15 3000-4000 
ll 31 17-10 15 
12 28 18-06 20 3000-4000 
13 38 21-04 20 3000-4000 
14 45 20-12 20 3000-4000 
15 29 22-83 20 3000-4000 
16 33 24-50 : 25 4000 
17 30 25-25 25 4000 
18 41 28-75 30 4000 
19 658/95 .S 56 5 4000 
20 659/96 .S 14-7 15 4009 
21 660/97 .S 11-6 lo 4000 
22 661/98 .S 14-4 15 4000 
23 662/99 .S 12-8 15 4000 
24 663/100.S 1-9 1 3000 
25 664/101.S 1-2 z 3000 
26 665/102.S 0-1 1 750 
27 666/103.S 19-9 20 4000 
23 667/104.S 1-4 1 2000 
29 668/105.S 2-0 1 4000 
30 669/106.S 1 2000 
31 670/107.S 1-9 1 2000 
32 671/108.S 1+5 1 3000 
33 672/109.S 1-9 1 2000 
34 673/110.S 1+5 1 2000 
35 674/111.S 1-2 1 2000 
36 675/112.S 8-3 10 4000 
37 676/113.S 8-4 10 4000 
38 677/114.S 13-3 10 4000 
39 678/115.S 10-1 | 10 4000 
40 679/116.S 8-2 10 4000 
41 680/117.S 1-1 1 2000 
42 681/118.S 1-1 1 2000 
43 682/119.S 0-9 1 2000 
44 683/120.S 1-3 1 3000 
45 684/121.S 16-4 15 3000 
46 685/122.S 14-4 15 3000 
47 686/123.S 1-1 1 2000 
48 687/124,S 0-8 1 1000 
49 688/125.S 0-6 1000 
50 689/126.S 1+5 1 2000 
51 690/127.S 0-8 1 1000 
52 691/128.S 1-1 1 
53 48 17°1 20 
54 56 19-6 20 
55 77 3-1 5 
56 32 2°7 5 
57 96 0-4 1 
58 104 0-4 1 
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TABLE I—({Contd.) 


Sample No, 


| % CaO by total % Caimprov-| Cao in Ibs/acr, 
| analysis ed method 


15 
15 


— 
WAH D O-1D 


698/135.S 
697/134.S 
710/147S 
701/138.S 
692/129.S 
694/131:S 
699/136.S 
707/144,S 
695 /132.S 
693/130.S 


Om 


1 
1 
1 
1 
20 
20 
1 
1 
10 
10 
20 
15 
15 
5 
20 
5 
5 
10 
10 
20 


IV. SUMMARY 


1. The rapid precipitation tests developed by Hance and Morgan do 
not give satisfactory results in estimating total calcium in calcareous. svils, 


2. An improved method which depends for results upon the measure 
ment of heights of precipitates of calcium oxalate in capillary tubes is de 
scribed. This gives values corresponding fairly closely to those obtained 
from total analysis. Besides the method is simple and easy of manipulation. 
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110 3000 
117 3000 
121 2000 
123 2000 
127 2000 
134 2000 
158 4000 
162 4000 
177 750 
180 1000 
709/146.S 3000 
706/143.S 3000-4000 
: 3000-4000 
i 3000-4000 
3000-4000 
3000 
3000-4000 
16 3000 
77° 3000 
78 3000 
719 3000-4000 
80 3000-4000 
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IMPROVEMENTS IN COLORIMETRIC 
DETERMINATIONS 


I. Phosphates-Correlation Between Total and Dilute Acid Soluble 
Phosphate in Non-calcareous Soils 


By K. L. KHANNA, S. N. PRASAD AND P. B. BHATTACHARYA 
(Central Sugarcane Research Station, Pusa, Bihar) 


Received September 21, 1946 


I. INTRODUCTION 


Tue age old Colorimetric method of determining phosphates by Denige 
(1920) has undergone considerable modifications. The method originally 
consisted in the addition of a reducing agent stannous chloride to a solution 
of phosphates to which had been added previously a solution of ammonium 
molybdate and sulphuric acid. A blue compound named phospho-conju- 
gated ceruleo-molybdate which has a formula according to Denige 
[(M,Os)4 M,yO.] HsPO,, 4H,O is formed. The colour intensity of this 
compound in solution is directly proportional to the concentration of phos- 
phates. Fiske and Subbarow (1925) used 1:2:4 aminonaphthol sulphonic 


as reducing agent. They applied for the first time an 


organic reducing agent in the ceruleo molybdate reaction. Parker and 
Fudge (1927) compared the methods of Denige, and Fiske and Subbarow 
with special reference to reducing agents and concluded that stannous 
chloride used by Denige was five times more efficacious than 1: 2:4 amino- 
naphthol sulphonic acid advocated by Fiske and Subbarow. Truog and 
Meyer (1929) found that the excess of hydrochloric acid and ferric iron in 
more than 6 p.p.m. interfered with the reaction, while neither titanium at 
concentration lower than 20 p.p.m., nor nitrates and salts of aluminium, 
manganese, calcium and magnesium did so. They, therefore, advised to 
evaporate the hydrochloric acid and reduce the ferric iron to ferrous condi- 
tion. Chapman (1931, 1932) standardised the colour intensity on Helige 
comparator and made standard colour discs for quick and precise estima- 
tions. He also devised methods of preserving stannous chloride solution 


55 


NH 
acid 2 
SO3;H 
a NH; 
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from atmospheric oxidation in aspirator bottles in which the top surface of 
the solution is covered with one inch thick layer of paraffin or some other 
light mineral oil. Warren and Pugh (1930) further modified the method so 
that it might have application to hydrochloric and citric acid extracts. They 
oxidised the organic matter by sodium permanganate, precipitated the iron 
and manganese as ferrocyanides at a pH of 6-8 to 6-9 and determined the 
phosphate in the filtrate by the usual Denige’s method. They were fist 
in the field to determine colour intensity by Klett and Kober colorimeter 
which was a more accurate method than the comparison in Helige Com- 
parator by Chapman. Hance (1936) used hydrochloric acid and ammonium 
molybdate with stannous chloride as reducing agent for estima:ing phos- 
phates in soil extracts. He made permanent colour standards in glass vials 
and compared the colour in phosphate illuminator designed by him. Dyer 
and Wrenshall (1938) used photo-electric colorimeter for measuring colour 
intensity and studied the inhibiting effects of a series of mono and dibasic 
organic acids on colour development, besides also the kinetics of the reactions 
using stannous chloride as reducing agent. They concluded that organic 
acids have an inhibiting effect on the colour reaction and the maximum 
colour is developed five minutes after the addition of 2-5 per cent. solution 
of stannous chloride. They also showed that in solutions of lower phos- 
phate content the maximum intensity is maintained for five minutes or more 
but fading begins rather rapidly at higher concentrations thereby showing that 
the blue compound is highly labile at such concentrations. Morgan (1937) 
used solid stannous Oxalate in the rapid method of estimating phosphate 
in soil extracts, but the kinetics of the reactions with the reducing agent was 
not studied. The use of stannous oxalate as reducing agent in solid 
condition is preferred over stannous chloride solution as the latter is 


easily oxidised in atmosphere and consequently necessitates storage under 
paraffin oil. 


In the work reported hereunder, an attempt has been made (1) to study 
the kinetics of stannous oxalate in solid condition with a view to determine 
the minimum quantity of the substance required to develop maximum colour 
intensity in the shortest possible time limit, Klett Sommerson Photo-electric 
colorimeter with green filter (S0Oup to 570pp) being used for the 
purpose; (2) with the standard method thus developed, to determine the 
maximum extraction of phosphates by mineral acids, on a number of soi 
samples drawn from different situations in North Bihar; and (3) to correlate 
total phosphates with the mineral and organic acid soluble phosphates in 
the non-calcareous soil types. 
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Improvements in Colorimetric Determinations—I 


II. EXPERIMENTAL 


(1) Kinetics of Stannous Oxalate —The procedure followed in these 
experiments was to measure colour intensity by means of photo-electric 
colorimeter in aliquotes of the standard phosphate solutions by addition 
of different quantities of stannous oxalate (solid) at different time intervals. 
The usual Truog’s solution was used before addition of stannous oxalate 
for developing the colour. 


(a) Minimum quantity of stannous oxalate (solid) for maximum colour 
intensity.—Six concentrations of standard phosphate solutions were tried 
against six doses of stannous oxalate ranging from 0-001 gm. to 0-11 gm. 
A solution of 50 p.p.m. of phosphorus was made by first dissolving 0-2195 
gms. of potassium dihydrsgen phosphate in water and diluting it to 1 litre. 
50c.c. of this solution were diluted to 500c.c. to give the desired stock 
reagent (5 p.p.m. of phosphorus). Aliquotes of this stock solution were 
taken and diluted to 95c.c. with water, 4c.c. of Truog’s reagent (ammonium 
molybdate and sulphuric acid) being added to each of the solutions, which 
were finally diluted to 100c.c. Stannous Oxalate was added to the solutions 
in solid condition in different doses and the scale of the colorimeter was 
read at the point of maximum deflection. The results (Table f) show that 
the colour intensity goes on increasing with the increase in the quantity of 
stannous oxalate added till a constant is reached between 0-06 and 0-1 gm., 
the quantity actually required (Fig. 1) being approximately 0-08 gm. for 
the maximum intensity of colour. 


TABLE 


Showing quantity of stannous oxalate and colour intensity 


| Vol. of 
lsolution| Occ. 10 ce. 20 cc. 
Stannous | stock 
oxalate | 
sm. Equiva- 

| lent P | Blank 0-5 1-0 

p-p.m. | 


30 cc. 40 cc, 50 cc. 60 cc. 


q 

0-001 “a 13.5 | 93-0 | 50-0 | 49-5 26-5 49-0 | 63-0 

0-021 .-| 25-5 | 107-5 | 127-0 | 191-0 | 219-0 310-0 | 340-0 

0-041 --| 36-5 | 110-5 | 129-0 198-0 | 221-0 | 320-0 369-0 

0-061 39-0 | 110-5 | 135-0 | 198-9 239-0 320-0 383-0 

0-081 | 40-0 109-5 | 136-0 | 198-0 243-0 325-0 385-0 

0-110 40-0 | 110-0 | 137-5 196-5 243-0 | 323-0 385.) 
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TABLE II 


Showing time and maximum colour intensity 


Fic. 1. Quantity of Stannous Oxalate in gms. 


(b) Minimum time for maximum colour intensity—The intensity of the 
colour developed in standard solutions according to the above method was 
measured at even intervals between two to twenty minutes. The results 
(Table II, Fig. 2) show that the colour intensity attains a maximum value 
within 8-10 minutes after the addition of stannous oxalate. 


0 06 


On keeping 


STOCK SOLUT/ON 


Time in 
minutes 


Vol. of 
stock 
solution 


Equiva- 
lent P 


10 cc, 


0-50 


20 be. 


1-0 


2 20-0 120-5 214-0 512-5 
+ 21-0 122-5 217-0 555-0 
6 27°5 131-0 221-0 565-0 
8 30-0 134-5 231-0 557-5 
10 30-0 135-5 231-0 595-0 
12 30-0 135-5 230-0 595-0 
14 . 35-0 139-0 239-0 595-0 
16 36-5 142-5 249-0 595-0 
18 --| 40-0 145-0 252-0 612-5 


RERDINGS 


58 
400 
° 060CC 
O O O 50 
300 r ‘ 
O O 40 
200 5 ° 0 30 
20 
© 
0001 0.02 0 08 010 
Occ. 5 cc. 30cc. | 40 cc. | 50 cc. | 60 cc. 
| | | | | | \ 
| Blank | 0-25 | = 1-5 2-0 2-5 3-0 E 
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60 €€ 


REROINGS 
SOLUTION 


TIME - MINUTES 


Fic. 2. Time and Colour Intensity 


the solution for a longer period, a sharp rise in the scale reaaing of the colori- 
meter was observed due to the decomposition and precipitation of the highly 
labile phospho-molybdate complex when the clear blue solution loses the 
transparency required in colorimetric measurements and becomes turbid. 
Experiments repeated during May-June and December-January periods at 
Pusa gave the same results and it may, therefore, be concluded that the 
complex is not thermo-labile at least for this period (10 minutes) within the 
Tange of variations of the laboratory temperatures (25°C.-35°C.) at Pusa, 
The time of observation of colour intensity was, therefore, fixed at approxi- 
mately 10 minutes after the addition of stannous oxalate. 


(2) Maximum extraction of Phosphates by mineral acids.—The extraction 
of phosphates by acids and other extracts is a complicated problem. The 
quantity extracted differs with different soils besides depending upon factors 
like the quantity of soil; volume and strength of the extracting solution, 
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Soil workers have, therefore, used different extracting solutions to 
suit different conditions in different countries (Table IIf). 


TABLE III 
Showing methods of testing available phosphates in 


soils 


Sl. 
No. 


| Year and place 
| where originated 


Author 


Extracting Reagent 


Remarks 


Deubeny 
Von Liebig 


Lechartier 
Dyer 


A, 
Das 


Truog and Mayer 
Arrhenius 
Thorton 


Morgan 


Spurway 
Bray 


Fraps 
Hester 


Harper 
Hance 


Dirks and Scheffer 


Von Drangell 
Limmerman 


Lohse and Ruinke 
Dalburg and 
Brown’ 
Hockernsmith, 
Gardner and 
Godwin 


1845, England 
1872, Germany 


1884, France 
1894, England 
1907, U. S. A. 
1926, India 


1929, U. S. A. 
1929, Java 
1931, Indiana 


1937, Connecticut 
U.S.A 


Michigan, U.S, A. 
Illionis, U. S. A, 


Texas, U.S.A. 
Virginia Truck, 
U.S; A. 
Oklahome, U.S.A. 
1937. Honolulu, 
Hawaii 
Germany 


Germany 
1923, 1926, 
Germany 


England 
U. S. A. 


Indiana 


Carbonic acid 

Dilute hydrochloric or acetic 
acid 

2 percent ammonium oxalate 

l percent citric acid 

0-2 normal hydrochloric acid 

Alkaline corbonate solutions 


0-002 normal sulphuric acid 
buffered with ammonium 
sulphate at pH 3-0 


1 per cent sodium chloride 
solution containing enough 
sulphuric acid to make the 
normality 0-002N 

0-1 per cent normal hydro- 
chloric acid solution 


Sodium acetate and acetic 
acid 5 normal pH 4:8 


Dilute acetic acid about 3-2 


PH 
0-1 normal hydrochloric acid 
solution 
0-2 normal nitric acid 
Sodium acetate and acetic 
acid-at pH 5-0 
0-2 normal sulphuric acid 
0-5 normal hydrochloric acid 


1 gm. calcium carbonate in 
250 cc. water and then satu- 
rating with carbondi-oxide 

Water 

per cent hydrochloric 
acid and One per cent citric 
acid 

Potassium bi-sulphate 


Sod. acetate 0-25 
acetic 0°08 N 
Potassium carbonate one 


per cent 


For calcareous 
soils pot. and 
sod. corbonates 


better than am- 
mon. carbonates 
Am. molybdate + 


sulphuric acid 


and 
chloride 


stannous 


Am. molybdate + 
hydrochloric acid 
with stannous 
chloride 

Sodium molybdate 
and stannous 
oxalate 


Denige’s method 


do 


Thornton’s method 


Sod. molybdate + 
stannous oxalate 


ha 
a. 
tic 
in 
e2 
| — | | — 
| | 
| ‘ 
| | 
| 
| | 
| 
i 
8 
9 | 
ll 
12 
13 
|| = 
15 
io | | 
19 | 
| | | 
22 | 


Improvements in Colorimetric Determinations—I 61 


A perusal of Table III will show that it is chiefly the mineral acids that 
have been frequently used and attempt was, therefore, made to determine 
a quantity of dilute mineral acid (HCI) that would give the maximum extrac- 
tion of phosphates. For this purpose, four soil types markedly differing 
in calcium and phosphate contents were taken. One gramme of soil from 
each of these four samples was shaken with different volumes (4 c.c. to 50 c.c.) 
of tke N.HCI acid, filtered after the effervescence had subsided and 
phosphate determined colorimetrically in the filterate by using Thornton’s 
reagent (ammonium molybdate and hydrochloric acid) and stannous 
oxalate as reducing agent. The results (Table IV, Fig. 3) show that 
maximum extraction is afforded by 1 gm. of soil and 20c.c. of normal 
hydrochloric acid. 


TABLE IV 
Showing extraction of phosphates by hydrochloric acid 


pH of 
Analysis of HCl extrac-| 5 cc. 4cc. | 8cc. | 12ce. 16 cc, 20 cc. 50 cc. 
extract ting | H,O |N-HCl | N-HCl | N-HCi | N-HCl |N-H Cl| 
soln. 
a a a au 
1 0-862 | 0-1582 | 4-0 nil | | 4-0/4+1 | 4-0/4-4 | 4-0) 4-8] 4-0) 5-2) 4-015-4 
2 | 11-49 | 0-0441 | 4-0 | 7-0] nil | 7-0/0-17| 4-Uj1-5 | 4-0)2-2 | 4-0) 2-4) 4-0] 2.4) 4-0/2-4 
3 | 21-88 | 0-0719 | 4-0 | 8-0} nil | nil | 6-0/0-19) 5-00-98) 4-0) 1-5) 4-0) 1-5) 4°O0)1-5 
4 | 31-63 | 0-0486 | 4-0 nil | 8+O} nil | 7-5) nil 5-00-24 4-0) 1-5) 4-0) 1-5) 4-O/L-47 


(3) Correlation between available (mineral and organic acid) and total 
phosphate in non-calcareous soils.—Using the method as finally standardised 
in the earlier sections of this paper, about one hundred samples collected 
from different factory reserved areas of North Bihar were analysed for total 
and acid soluble phosphates and total calcium for finding out the magnitude 
of correlation. The analysis of total phosphates was done by Pemberton’s 
(1893, 1894) volumetric method and that of total calcium by the usual 
oxalate method. The organic (acetic) acid soluble phosphates were deter- 
mined by Morgan’s method (Joc. cit.). The procedure for the modified 
method of determining mineral acid phosphate was as follows: 


(i) Reagents.—{a) Truog’s Reagent.—Dissolve 25 gms. of Ammonium 
molybdate in 20 c.c. of water, heat to 60° C., dilute 280c.c. of conc. sulphuric 
acid to 800c.c. When both solutions have cooled down, add the Ammonium 
molybdate solution to that of the sulphuric acid with shaking. 
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PHOSPHORUS IN PARTS PER MILLION 


0.0 


OF 
sco 4 68 #2 6 2 50 


WATER NORMAL HC) IN CC 
Fic. 3. Extraction of Phosphates 


(6) Stannous oxalate-—0:08 gm. of stannous oxalate, in solid 
condition. 


(c) Soil extract.—N.HCl. 


(ii) Extraction and estimation of phosphates.—Treat 1 gm. of soil with 
20c.c. N.HCI, stir with glass rod till effervescence subsides, filter; add 10 
drops of conc. nitric acid and evaporate to dryness on hot plate, but do not 
allow it to bake; add 10 drops of conc. HCI and 10 drops of conc. HNO, 
and again evaporate to dryness; further add 4c.c. of Truog’s reagent (Ammo. 
molybdate + H,SO,) and transfer to 100 c.c. flask; make up the volume and 
add stannous oxalate (0-08 gm.) in the solid state; mix well and compare 
in colorimeter with a standard solution .of phosphate after standing for 
ten minutes. 


The results (Table Y) show the correspondence that exists between the 
yalues obtained by the different methods, 
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Showing estimation of phosphates by different methods 


O% 


ss 


Morgan’s 


Av. calcu- 
lated 


Phosphate} Total 


0-0344+) value in | Ca 
Ib/ac. 


2+5492 


Y= 


HH 


Total |Truog’s 


P205% 
(X) 


(Y) 


Locality 


333288 


mow 


wan 
oom 


Sakri R.A. 


Harinagar R.A. 


Sample No. 


670/107°S 
671/108-S 
672/109-S 
673/110-S 
674/111 


681/118 
682/119 


683/120-S 
686/123-S 
687/124°S 
688/125-S 
689/126-S 
690/127-S 
291/128-S 
265/29-S 
266/30-S 
267/31-S 
268/32-S 
269/33-S 
270/34+S 
271/35-S 


DAS 


ARKARRARRA 


63 
TABLE V 
663/100-S Hassanpur R.A, | 0-11 0- 
664/101-S 0-13 | 0- 
665/102-S 0-10 | 
667/104+S 0-10 | 0- 0 
668/105-S 0: 0 
669/106-S 0- 0 
0- 0-1 
0- 0-1 
0- 0 
0: 0 
ll 0- 0 
12 680/117-S 0- 
14 0 
15 0 ; 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
0 
0 0-06 100 
0 0-05 25 
0 0-26 10 
0 0-44 10 
| 0 0-05 50-100 
0 0-04 10 
272/30-S 0 0-08 25 
273/37-S 0 0-44 25 
274/38-S 0-05 0-16 50 
275/39-S 0-02 0-08 25-50 
276/40-S 0-02 0-08 50-100 
277/41-S 0-06 0-18 25-50 
278/42-S 0-005 0-05 10 
36 279/43-S 0-13 0-36 50 ; 
37 280/44-S 2 | 0-12 0-34 25 
38 281/45-S l 0-04 0-13 10 
39 282/46-S 9 | 0-04 0-13 100 
40 283/47-S 0-006 0-05 50 
41 284/48-S 0-06 0-18 25-30 
42 285/49-S PS 0-08 0 25 
43 286/50°S 5 | 0-005 0 10 
44 287/51-S 0-024 0 25 
45 288/52-S 0-003 0 25-50 
46 289/534S 0-008 0 50 
47 290/54-S 0- 0 25 
48 291/55-S 0- 0 25 
49 292/56-S 0- 0 10 
50 293/57-S 3. 0 50 
51 294/58-S 0- 0 25 
52 295/59+S 0: 0 50-100 
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TABLE V—(Continued) 


Total 

No. Sample No. Locality a Ca0% 
53 296/60-S Haringar R.A. 0-19 . 0 053 
54 0-04 0- 0-53 
55 298/62-S 0-22 : 0-04 0-40 
56 299/63-+S 0-04 0-06 
57 300/64-S 0-19 . 0-06 0-49 
58 301/65-S Lohat R.A. 0-53 0-34 0-18 
59  302/66-S 0-16 : 0-21 0-62 
60 | 303/67-S 0-28 0-31 0-67 
61 305/69-S 0°17 0-04 0-14 
62 | 306/70-S 0°15 0-06 0-19 0-73 
63 | 307/71-S 0-06 0-004 0-04 0-33 
64 308/72-S 0-13 0-06 0-19 1-0 
65 309/73-S 0-08 0-01 0- 0-60 
66 | 310/74-S 0-04 | 0-03 0-11 0+50 
67 | 312/76-S 0-10 0-02 0-09 0:87 
68  314/78-S 0-07 0-01 0-06 0-84 
69 | 315/79+S 0-26 0-12 0-70 
70 | 316/80-S 0-05 0-005 0-05 0-53 
71 319/83-S 2-22 0-10 0-29 0-59 
72 320/84-S 0-07 0-003 0-04 0-56 
13 322/86-S 0-08 0-002 0-09 0-30 
74 325/89-S 0-05 0-005 0-05 0-42 
75 328/92-S 0-05 0-004 0-04 0-42 
76 329/93-S 0-06 0-003 0-04 0-37 
77 330/94-S 0-09 0-03 0-11 0+64 
78 141/25-Y Narkatiaganj R.A.| 0-07 0-01 0-06 0-29 
79 142/26-Y 0-10 0-04 0-14 0-29 
80 143/27-Y 0-12 0-04 0-14 0+38 
81 144/28-Y 0-06 0-01 0-06 0-39 
82 145/29-Y 0-16 0-07 0-21 0-73 
83 146/30-Y 0-09 0-04 0-13 038 
84 147/31-Y 0-05 0-002 0-04 0°43 
85 148/32-Y 0-06 0-005 0-05 0-29 
86 149/33-Y 0-09 0-04 0-13 0-35 
87 150/34-Y 0°05 0-01 0-08 0+42 
88 151/35-Y 0-13 0-07 0-21 0-28 
89 152/36-Y 0-09 0-03 O-ll 0-33 
90 153/37-Y 0°05 0-001 0-04 0-69 
91 154/38-Y 0-04 0-006 0-05 0-38 
92 155/39-Y 0-07 | 0-006 0-05 0-59 
93 156/40-Y 0-125 0-05 0-16 0-46 
94 157/41-Y 0-08 | 0-04 0-13 0-46 
95 158/42-Y 0-11 0-04 0-14 0-50 
96 159/43-Y 0-07 0-02 0-09 0+39 
97 160/44-Y 0-04 0-005 0-05 0-49 
98 161/45-Y 0-06 0-02 0-09 0036 
99 162/46-Y 0-04 0-009 0-06 0-39 
100 163/47-Y 0-10 0-04 0-14 0-53 
101 164/48-Y 0-05 0-006 0-05 0-38 


The above values of total and acid soluble phosphates were taken for 
calculating the correlation coefficient between them. The value of ‘tT 
between the total and mineral (N.HCI) soluble phosphate is + 0-7098 and 


thi 
va 
mé 
ev 
ph 
It 
th 
Ne 
fo 
fit 
: sl 
a 
q 
l 
t] 
Cc 
e 
| 


Improvements in Colorimetric Determinations—TI 65 


this is highly significant. The regression equation taking ‘ Y’ as total P,O; 
and ‘X’ as mineral acid soluble P,O, is Y = 0-0344 + 2:5492X. The 
values thus obtained appear in column six of the table. The error of esti- 
mation for the 101 observations has been calculated to be 0-0079, which is 
evidently low. The correlation of the total with the organic acid soluble 
phosphate (Morgan’s R.C.M. test) is exceptionally low being only — 0-168. 
It may, therefore, be concluded that the mineral acid method is superior to 
that of organic acid in the extraction of total phosphates in non-calcareous 
soils and this may be applied with advantage for their rapid evaluation. 


III. SUMMARY 


Attempt has been made to study in detail the present procedure being 
followed in the colorimetric estimation of phosphates and to suggest in the 
first series of the papers, improvement in the technique so far as it relates to 
such determinations in non-calcareous soil types. 


1. The maximum colour intensity in Ceruleo-molybdate reaction of 
phosphate estimation in relation to the quantity of reducing agent required 
and the minimum time necessary for the purpose was determined. The 
quantity of stannous oxalate necessary was 0-08 gm. and the time factor 
10 minutes. Allowing the solution to stand for longer period resulted in 
the decomposition and precipitation of the highly labile phospho-molybdate 
complex. This latter, however, was not thermolabile for this short duration. 


2. The correct ratio of soil to extracting acid for maximum phosphate 
extraction was found to be 1 gm. of soil to 20c.c. N.HCI. 


3. Using the above modifications in Truog’s method, about a hundred 
samples collected from different factory reserved areas in North Bihar, were 
analysed for total and acid soluble phosphates. The mineral acid extract 
of soluble phosphates gave a highly significant correlation (r = + 0-7080) 
with the total phosphates. The regression values were: Y =0-0344 
+ 2:5492 X where ‘Y” stands for total P,O; and ‘X’ for mineral acid 
POs. For rapid evaluation of phosphates mineral (N.HCI) extract was, 
therefore superior to that of organic (acetic) acid. 
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ON A POLYNOMIAL ARISING IN THE THEORY 
OF ELEMENTARY PARTICLES 
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Received November 17, 1946 
(Communicated by Prof. B.S. Madhava Rao, F.A.sc.) 


§1. IN some recent work’ on the algebra of matrice; related to elementary 
particles of higher spin, the following polynomial was found to be of 
_ (x— s)(x—s+ x+s 

Ns (x) = [2s (1) 
Here s denotes the value of the spin of the particles, integral or half odd- 
integral. The object of this note is to derive a recurrence-relation satisfied 
by this polynomial. 

§2. Write y= 2x, m= 2s, (X) = bm (y). 

Then 

(y—_m)(y— m+ ‘(y+ m— 2) (y+ m) 


= y- 2r (2) 


We write 
In (= (35) 
so that 
bm (V)= 4m (Y) In (4) 
§3. Now 


1 


r=0 


ie, f (1+ du (5) 


The problem is reduced to finding a reduction formula for I,,. 


I, (= = 
2%—1 
= du 
r=0 r 
0 
1 
= dy. ( ) 
\ 
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By integration by parts, using the first factor in the integrand for 
integration, we have 


1 
2 2 


m 


2 
(y)— f (1+ du | (6 a) 


On the other hand, choosing the second factor in the integrand for in- 
tegration, we get 


1 

= 

0 


Combining (64a) and (65) we find 


ym 


_ 4m (m— 1) I 


or (y) ye m2 — m-2 (y) 


Changing m into m+ 2, this may be written in the form 


y2—(m +2)2 ~ y= (m-+ 2)" I, (7) 
§ 4. From (3a) we have 


§5. We thus have 


= 4 (m+ 1) (m+ 2) 
ants y 4(m+ 1) (m+ 2) 
22 (m+ i. $m (y) 


Om OD Ge ty 2) Ym 0) 


1 
(m+ 1) (m+ 2 
we 


On A Polynomial Arising in the Theory of Elementary Particles 69 


Hence 


(m+ 3)(m+4) () 
(m+ 3) (m+ 4) 
(m+ 3) (m+ 4) (m+ 3) (m+ 4+ (m+ by 42(V) 
+ (m+ 2)? — y*} $,, (y)= 0 (10) 


This is the required recurrence relation. Restoring s, x and », it may be 
written 


(2s-+ 3) (28+ 4) {(28+ 3) (28+ 4)+ (25+ 2)?— 
+ {(2s+ 22-4} n,=0 (11) 


The expressions for the polynomials corresponding to the first few values 
of s are give. below: 


2x 1 

(64x? — 12323°+ 6076x* | = (4x*— 136x245) 
— 6483x) 


I wish to thank Prof. B. S. Madhava Rao for helpful discussion. 
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Received January 18, 1947 
(Communicated by Sir C. V. Raman) 


THE technique of measuring reverberation time of auditoria, studios, etc., 
has made considerable progress ever since W. C. Sabine’s pioneering experi- 
ments with organ pipes, ear and stop watch. Reverberation time, defined 
as the time which sound energy density takes to decay by 60 db. or to one 
millionth of its initial value, has been recognised as a major, if not the only 
criterion, of the acoustical quality of a room. The advent of monaural 
systems of radio broadcasting, gramophone recording and motion picture 
sound recording raised acute problems regarding studios which must 
have a particular reverberation time vs. frequency characteristics for the 
desired function to be performed satisfactorily. Accurate measurement: of 
reverberation time is thus necessary not only to check the design of such 
studios but also for evolving the designs from a knowledge of sound absorp- 
tion coefficient of building materials. Fortunately the advances in these 
atts of radio broadcasting, etc., have provided powerful tools. in the form of 
electroacoustic and electronic instruments in the hands of the experimenter 
in this branch for objective measurement of the reverberation time. Various 
methods have been developed to trace the decay of sound energy density in a 
room point by point throughout its course till it diminishes by 60 db. or more. 
These include the Spark Chronograph of Wente and Bedell?, the curve 
tracing method of Norris-Andree® modified later by Knudsen* and Hunt‘ 
and the electronic timer of impulse counter type by Hunt® and a resistance 
capacitance timing device operated by electromagnetic relays of Hiall.® 
H. J. Sabine? later substituted a thyratron circuit for the electromagnetic 
relays to prevent their chattering due to the oscillatory nature of decay from 
vitiating the observations. 


Most of the abovementioned methods have the following common 
feature. A loudspeaker energised at various frequencies by an audio oscilla- 
tior-Amplifier system serves as the sound source in the room, whose decay 
curve is desired. The sound energy is picked up by a suitable microphone 
which feeds the energy to an amplifier through an attenuator calibrated in db., 
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71 
which is necessary to handle the enormous range. The amplified output 
after being rectified actuates the timing device. Every time the loudspeaker 


is switched off, the indication of the timer is noted against the setting of the 
attenuator and in this way the decay curve is obtained. 


An Electronic Reverberation Recorder 


However, these point-by-point methods of obtaining the decay curve 
have certain drawbacks. One has to perform as many operations as the 
number of points to be obtained for the curve: and for accuracy a statistical 
average of a large number of points have to be taken even when a warbling 
sound source is employed, as Hunt® has pointed out. Besides there is the 
uncertainty whether each operation is similar to all others. Added to this, 
at lower level settings of the input attenuator the following amplifier stages 
are overloaded. 


The developments of the High Speed Level Recorder by Wente, Bendell 
and Swartzel® of the Bell Telephone Laboratories and the Neumann high 
speed automatic’ power level recorder manufactured now by the Sound 
Apparatus Company of New York remove most of these difficulties and pro- 
vide the whole of the decay curve through 50, 75 or 90 db. as desired by a 
single operation. In both types of the recorder, the output current of the 
amplifier-rectifier combination is held at a substantially constant value 
automatically by a magneto-mechanical device which controls the movable 
arm of the input attenuator so that the input to the amplifier remains con- 
stant throughout. The setting of the movable arm of the attenuator which 
is thus made to follow the changes in the sound energy is recorded on a 
paper wrapped on a moving drum, thus tracing out the sound decay curve. 
The recording speed is fairly high in both cases being of the order of 560 db. 
per second. The decay curves obtained show clearly the fluctuations in the 
intensity as the decay progresses. The Neumann type recorder is less ex- 
pensive and is a portable instrument, though it is rather delicate and hence 
fussy to operate at times. It is widely used in Acoustical laboratories. 


The present communication describes an apparatus which dces essen- 
tially the same function as the high Speed Level Recorder but involves no 
moving mechanical parts for either the time scale or the intensity scale of 
the decay curve, as it performs these operations electronically. Fig. 1 
shows the whole assembly in block diagram: the units enclosed by the 
dotted lines (lower) constitute the recording arrangemert. The output 
from the microphone after being suitably amplified by a low noise negative 
feedback stabilised amplifier is rectified and impressed on a logarithmic 
amplifier of the type described by Meager and Bentley’—wko used it for 


tadio active decay measurements—used after making a few modifications 
A6 
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to suit the present problem. It gives an overall working range of 55 db. 
as shown in the curve of Fig. 2, which gives a linear relation between the 
logarithm of input power and the output—which after suitable amplification 
is impressed on the vertical plates of a cathode ray tube. The time-base 
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oscillator which provides a saw-tooth voltage for the horizontal deflecting 
plates of the cathode ray tube is of the conventional constant current charging 
type With a negative feedback arrangement. It employs a thyratron-pentode 
combination and provides a single traverse of the screen in 1, 3, 5 and 7 
seconds—these values are chosen to accommodate reverberation times for 
various room sizes and types from a small studio to a large auditorium. 
The linearity of traverse is good within 2 per cent. For reverberation times 
of larger magnitudes, multiple traces can be obtained on the screen as there 
is no overlapping of these traces. The switches §, and S, functionally shown 
in Fig. 1, are arranged in such a way that the timing voltage is impressed a 
fraction of a second before switching off of the loudspeaker. By employing 
a cathode ray tube of persistence vision screen, the whole of the decay trace 
can be visualised. 


A few photographs have been obtained of the sound decay curves at 
various frequencies in a reverberation chamber 18’ x 10’-6" x 10’ in dimen- 
sions both when it was bare and with 1 inch thick woollen carpet covering 
150sq. ft. of the floor area only. These are shown in the accompanying 
plate. The cathode ray tube assembly used belonged to a Cossor model 
3339 cathode ray oscillograph. The curves are rather brozd partly because 
the spot in the cathode ray tube available would not focus properly and 
partly due to the ripple content associated with the rectification of the input 
to the logarithmic amplifier. However, these defects can be overcome with 
little further effort. Fig. 3 refers to the decay curve for a frequency of 
300 cps., with and without absorbing material in the room. Fig. 4 refers 
to similar curves for a frequency of 800 cps. Pure notes at these frequercies 
were sounded in the room to see the nature of the decay curves. Fig. 5 
shows the decay curves at 500 cps. taken for the same conditions but dis- 
placed horizontally to test the reproducibility of the apparatus, which is 
shown to be quite good. 


The speed with which the records are obtained depends entirely on the 
electrical circuit constants and in this respect the present arrangement has 
the advantage of using the electron beam instead of a moving mechanism 
to delineate the trace. The speed of the present records is 550 db. per second 
approximately. 


All the units of the assembly shown within the lower dotted lines in 
Fig. 1 are assembled on the same chassis and except the cathode ray tube, 
all the units work from the same power supply whose voltage regulation 
Should remain within 5% of 220 volts at 50-60cps. A meter is provided 
for checking voltages and currents in various crucial parts of the circuit with 
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necessary controls to adjust the same to keep calibrations constant. 
power consumption is about 50 watts. 


Within the limited range of 55 db. available at panera the instrument can 
be used for instantaneous observations of varying sound levels in rooms, 
However it is hoped to extend this range of operation by at least another 
20db. As it is easily portable and works from the mains power supply, 
it will be helpful to the constructor in regard to placement of acoustical 
material to obtain a predetermined reverberation time characteristics by 
visual observations, on the spot, of the decay curves, using a persistent 


vision cathode ray tube. 


We are indebted to Mr. S. Krishnaswamy, M.sc., fer his help in connec- 
tion with the time base generator. 
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SUMMARY 


The instrument described delineates on a cathode ray screen the decay 
of sound energy density as a function of time after the sound source is turned 
off in aroom. The output from the pick-up microphone after suitable ampli- 
fication and rectification is fed to a logarithmic stage to enable an energy 
range of 55 db. to be applied to the vertical plates of the cathode ray tube. 
A linear time base generator provides deflecting voltage for the horizontal 
pair, thus giving the decay trace in db./sec. 
single horizontal traverse of the spot—l, 3, 5 and 7 seconds—are provided 
to handle reverberation times of rooms from small studios to large auditoria. 
The recording speed is approximately 550 db./sec. 
be visualised by using a persistance vision screen. 
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Fig. 3. Freg. 300 c.p.s. Time of Lraverse=7 Sec 
A. absorbing material on floor; B. bare room. 


Fig.4. Freg. 800 c.p.s. Time.of traverse =5 Secs. 
A. and B as in Fig.3.— 


Fig.5. Freq, 500.¢.p.s. Time of travense=5 Secs. 
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